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Abstract

Curcumin, the active compound in turmeric, exhibits broad therapeutic potential but is limited by poor
bioavailability. Nanocurcumin—curcumin formulated into nanoscale carriers—addresses these
challenges by enhancing solubility, stability, targeted delivery, and circulation time. This review explores
various nanocarrier systems including liposomes, micelles, nanoemulsions, nanogels, and polymeric
nanoparticles, highlighting their role in improving curcumin’s pharmacokinetics and therapeutic impact.
Nanocurcumin has demonstrated superior efficacy in preclinical models of cancer, neurodegenerative
diseases, diabetes, and inflammatory conditions, often at lower doses than native curcumin. Despite
encouraging results, clinical adoption remains limited due to regulatory, manufacturing, and safety
evaluation hurdles. The review emphasizes the need for standardized formulations, in-depth toxicological
assessments, and large-scale clinical trials to validate nanocurcumin's translational value. With further
refinement, nanocurcumin holds promise as a powerful agent in personalized and precision medicine.

Keywords: Curcumin, nano-curcumin, limitations, bioavailability, therapeutic application, safety and
toxicity

1. Introduction

Humans historically relied on herbs used as medicine for healing and well-being, fostering a
longstanding belief in the vital role of plants for sustenance and benefits [X1. The bond between
people and plants is firmly established in our culture and spiritual values, influencing
traditional medicine and society as a whole . Curcumin from turmeric offers diverse health
benefits, but limited therapeutic use, attributed to poor solubility and low bioavailability,
hinders its effectiveness [l. Nanotechnology aims to leverage nanoscience advantages.
Nanotherapeutics focuses on nanoparticles for controlled drug delivery in healing different
diseases. Nanodrugs are stable, have high carrying capacity, and can address conventional
medication drawbacks. Nanometric carriers encapsulate diverse drugs for targeted
administration ™ 5. The purpose of this review is to offer a comprehensive analysis of
curcumin and nanocurcumin, highlighting the advantages, limitations, and potential
applications of nanocurcumin in various disease.

2. Curcumin

Curcumin, a bioactive molecule produced from the rhizome of Curcuma longa (turmeric), has
received substantial interest for its varied range of biological as well as pharmacological
results . Turmeric, a spice belonging to the ginger family (Zingiberaceae), includes the
primary curcuminoid known as curcumin. Desmethoxycurcumin and bis-desmethoxycurcumin
are the other two curcuminoids [. It began in India mostly in Ayurveda and is now
extensively cultivated in regions such as China, Sri Lanka, West and East Africa, and other
tropical areas. In China, the biomolecule is referred as Jianghuang or Huangjiang [,
Traditional Chinese Medicine (TCM) and Indian system of medicine employs it for the
treatment, prevention, and and oversight of a range of health issues. Because of its chemical
structure, it belongs to the category of polyphenols 1. Curcumin, often known as Natural
Yellow 3, is an environmentally friendly dye that has been assigned the E number E100 for
use in food coloring 19, Its bioactive substances have a range of medicinal effects. These span
actions range from antioxidant and anti-inflammatory characteristics, to possible anticancer
and neuroprotective benefits 1,
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2.1 Chemical Properties
1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-
dione is generally known to be curcumin with the chemical
formula C21H2006, exhibiting a crystalline yellow-orange, a
molecular weight of 368.39 g/mol, and a melting point of 183
°C. Curcumin is a diferuloylmethane exhibits keto-enol
tautomerism, indicating that while its more stable enol form is
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dominant in solid states and alkaline environments. Its
primary keto form is present in neutral and acidic conditions
Bl Additionally, demethoxycurcumin or 1-(4-hydroxy-3-
methoxyphenyl)-7-(4-hydroxyphenyl)-1,6-heptadiene-3,5-
dione and bisdemethoxycurcumin, 1,7-bis(4-hydroxyphenyl)-
1,6-heptadiene-3,5-dione. Turmeric has three different types
of curcuminoid [*21,
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2.2 Pharmacological Properties

2.2.1 Anti-inflammatory

Curcumin has been recognized for a long time as a powerful
immunomodulator and anti-inflammatory agent, and recent
studies continue to back this assertion. Psoriasis, arthritis,
atherosclerosis, and inflammatory bowel disease (IBD) are all
linked to inflammation, a complex condition ™31, Curcumin
inhibits inflammation by targeting NLRP3 and cytokines,
aiding in managing psoriasis, IBD, and arthritis by promoting
gut health and modulating immune cells. Curcumin aids
cardiovascular health by reducing vascular inflammation and
foam cell formation, showing promise as a natural anti-
inflammatory with broad applications . Studies confirmed
curcumin's anti-inflammatory effects on rats, mice, and cats.
It matched phenylbutazone in one test but was half as
effective in chronic inflammation models [2°],

2.2.2 Anticancer

Curcumin plays a crucial role in regulating multiple cancer-
associated signaling pathways, including NF-xB, STATS,
PI3K/Akt, and Wnt/B-catenin. This modulation results in
enhanced apoptosis, reduced cellular proliferation, suppressed
angiogenesis, and diminished metastatic potential [,
Additionally, curcumin is potential in the therapy of breast
cancer by preventing the WNT/B-catenin pathway and
alleviating chronic inflammation and oxidative stress via
PPARy activation. Curcumin also regulates circadian genes,
and its efficacy can be enhanced through nanoparticle and

liposome application despite its low bioavailability 7. In
lung cancer, curcumin disrupts JAK2/STAT3 signaling and
regulates microRNAs involved in apoptosis and cell cycle
control, further impeding cancer development 28, Curcumin
has also demonstrated promising effects in colorectal cancer
by  downregulating COX-2  expression, inducing
mitochondrial-mediated apoptosis, and targeting microRNA
pathways associated with tumor growth [ This study
examines curcumin’s potential as a treatment for cutaneous T-
cell lymphoma (CTCL), a rare skin-related non-Hodgkin’s
lymphoma with few therapies and poor prognosis. Derived
from turmeric, curcumin impacts inflammation, cell survival,
and apoptosis, possibly through STAT-3 and NF-KB
signaling 291,

2.2.3 Nervous system disorder

Curcumin shows therapeutic potential in neurological
disorders like multiple sclerosis, Parkinson's, and Alzheimer's,
due to its antioxidant and anti-inflammatory effects. It helps
protect neurons, reduces tau protein hyperphosphorylation in
Alzheimer's, and preserves dopaminergic neurons in
Parkinson's by modulating key pathways. Its ability to cross
the blood-brain barrier makes it a promising treatment for
neurodegenerative conditions 1. Epilepsy treatment often
involves conventional drugs with side effects. This study
investigates utilizing Curcumin from Curcuma longa to treat
epilepsy. Curcumin reduces seizures and benefits brain health,
showing promise as a protective therapy. Further research is
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needed to confirm its effectiveness in epilepsy management
[22]

2.2.4 Antidepressant

The present investigation study investigates the antidepressant
potential of curcumin, which is a key constituent of Curcuma
longa, and its interaction with the monoaminergic system. It
explores curcumin's capacity to modulate dopamine and
serotonin levels, suppress MAO enzymes, and augment the
antidepressant effects of some drugs. It also considers the
action of piperine, a bioavailability booster, in augmenting the
pharmacological actions of curcumin. The conclusion is that
curcumin, especially when used in conjunction with piperine,
may be beneficial natural therapy for treating depression by
acting on neurotransmitter levels and enzymatic activities 2%,

2.2.5 Diabetes

Diabetes mellitus is an increasing global health challenge,
marked by high blood sugar due to insulin resistance or
deficiency, which can lead to complications in essential
organs. Herbal remedies like Curcuma longa (turmeric) have
long been used for treating various conditions. Curcumin, its
key polyphenol, shows promise in diabetes management
because of its anti-inflammatory, antioxidant, and blood
sugar-lowering properties. It improves insulin sensitivity,
lowers glucose levels, and helps prevent complications like
nephropathy, neuropathy, and retinopathy. Although
curcumin has low bioavailability, advanced delivery methods
enhance absorption 4. This research investigates curcumin
extract as a possible preventive measure against type 2
diabetes (T2DM) in individuals with prediabetes. The trial
involved 240 people monitored for nine months, revealing
that those taking curcumin had no T2DM development, unlike
16.4% on placebo. Curcumin improved beta-cell function,
reducing insulin resistance and enhancing anti-inflammatory
cytokines. It suggests curcumin could lower T2DM risk from
prediabetes and improve metabolic markers underscores the
importance of safe, affordable, and accessible 251,

2.3 Limitations and Consideration

Curcumin demonstrates strong therapeutic efficacy but suffers
from poor bioavailability due to low absorption, rapid
metabolism, and limited tissue distribution. Despite its
intrinsic activity, studies over the past three decades reveal
that curcumin undergoes quick metabolism and elimination,
reducing its effectiveness. Factors such as low serum
concentration, short half-life, and minimal tissue penetration
further hinder its therapeutic potential . These factors
collectively impede the effective delivery and sustained
presence of curcumin in the body, thereby constraining its
therapeutic applications in various health conditions. Despite
its well-documented anti-inflammatory, antioxidant, and anti-
cancer properties, the bioavailability challenges associated
with curcumin have spurred ongoing research efforts aimed at
enhancing its absorption and retention within the body for
improved therapeutic outcomes. Research is underway on
nano formulations and modifications to enhance effectiveness
and overcome issues related to low bioavailability 126271,
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3. Nano-curcumin

Nanocurcumin, a nanoparticle version of curcumin, has
higher solubility, absorption, and cellular uptake efficiency. It
facilitates targeted distribution to afflicted areas, improves
therapeutic effectiveness, and needs lower doses than its
natural form 8. To address limitation issue of curcumin
scientists have been focusing increasingly on curcumin
nanoformulations (nanocurcumin) to enhance its delivery,
bioavailability, and therapeutic efficacy in order to address
these limitations. Incorporating curcumin into nanocarriers
through various methods is suitable and advantageous to
enhance its biological activity, thereby increasing its
bioavailability and solubility, extending its circulation time,
and improving its retention in the body, as well as
overcoming physiological barriers 1, Thus far, the outcomes
of this type of medication delivery technology have been very
encouraging. The nano form significantly improved the
systemic availability of curcumin due to its superior water
dispersion compared to free curcumin B9 Consequently,
nanoencapsulation of curcumin may facilitate enhanced
retention and circulation of the medication within the body.
This shifts the perception of curcumin from merely a
nutritious spice to a therapeutic medicine by reducing the

dosage while still maintaining the necessary compound level
[31]

3.1 Types of Nanocurcumin Formulation

e Polymeric Nanoparticles: Biodegradable polymer-based
nanoparticles, such as those made from PLGA, help
improve curcumin's ability to circulate in the bloodstream
for extended periods while also increasing its absorption
by cells 2,

e Liposomes: Liposomes, spherical carriers with layers of
phospholipids enclosing an aqueous compartment,
enhance drug stability, solubility, and targeting. They
encapsulate water-soluble and fat-soluble drugs, aiding
absorption and controlled release for therapeutic benefits
3]

e Solid nanoparticles: These lipid-based delivery systems
enhance curcumin’s water solubility and absorption in the
body while ensuring a controlled and sustained release of
the drug, optimizing its therapeutic efficacy 34,

e Micelle: A micelle is created by surfactant molecules in
water, forming a spherical nanocarrier used to enhance
drug delivery for poorly soluble compounds like
curcumin in biological systems 331,

e Nanogels: A nanogel, formed via polymer cross-linking,
is a tiny hydrogel particle (10-100 nm) ideal for storing
and releasing drugs efficiently. This technology delivers
drugs directly to cells, enhancing stability and efficacy
while minimizing immune response activation 31,

e Nano emulsions: Nanoemulsions are tiny oil-in-water
systems with oil droplets smaller than 100 nm, enclosed
in a surfactant layer to enhance drug delivery by
improving solubility, absorption, and stability in aqueous
environments 71,
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Fig 1: Different nanocurcumin formulation

3.2 Bioavailability enhancement of nano-curcumin over
natural curcumin

3.2.1 Improving Bioavailability
Effectiveness via Nanoformulation
Concerns persist about drug properties and bioavailability
improvement. Strategies focus on optimizing molecular
structure and developing micro or nanoscale formulations (8.
Chitosan and PLGA are biodegradable polymers used for
drug delivery, offering a protective framework for curcumin
that boosts stability and enables sustained release, addressing
issues like rapid metabolism, low bioavailability, and water
solubility limitations 1. PLGA and chitosan carriers boost
curcumin's effectiveness against cancer, inflammation, and
for neuroprotection. They reduce frequent dosing needs,
enhance drug retention in target tissues via controlled,
extended release [“9. Liposomes, composed of phospholipid
bilayers, improve curcumin's solubility and stability,
safeguarding it from breakdown, aiding transport through
membranes, and enhancing therapeutic effectiveness 1,
Curcumin in solid lipid nanoparticles improves drug retention,
controlled release, and absorption. SLNs protect it from pH
changes and  enzymatic  breakdown, preserving
pharmacological effects longer 2. Nanostructured lipid
carriers (NLCs), an advanced form of solid lipid nanoparticles
(SLNSs), incorporate liquid and solid lipids to boost drug
loading capacity and delay drug release. These carriers
enhance the stability, solubility, and absorption of curcumin,
making them ideal for medicinal use. Studies show that
curcumin-loaded NLCs significantly improve retention of
drugs in targeted tissues, enhancing medication efficacy 3,
Amphiphilic block copolymers form polymeric micelles, self-
assembled nanoscale structures that encapsulate curcumin,
enhancing its transport across barriers and bioavailability. The
application of different nanoformulations like polymeric
nanoparticles and liposomes has greatly improved curcumin's
therapeutic effectiveness 4],

and  Therapeutic

3.2.2 Enhanced Dispersibility and Solubility
Nanocurcumin has a unique advantage over bulk curcumin
because of its superior water solubility and dispersibility. At

nanoscale, its smaller size, higher crystallinity, and enhanced
surface-to-volume ratio enable better interaction with water
molecules, preventing clumping that often occurs with bulk
curcumin 1 To improve the solubility of water and
overcome the various limitations of curcumin, nanocurcumin
was developed. Research indicates that nanocurcumin, which
has a diameter of 65-75 nm and is produced through wet-ball
milling, dissolves significantly faster than bulk curcumin [,
Nanoemulsions, which consist of oil-in-water or water-in-oil
formulations, offer a stable medium for the delivery of
hydrophobic compounds such as curcumin, enhancing its
bioavailability and therapeutic effectiveness 1. Curcumin
nanoparticles were created through various methods that do
not involve nanocarriers, such as anti-solvent precipitation
(Cur-ASP), sonication (Cur-SM), and nano-suspension (Cur-

NSM), aimed at enhancing the solubility of curcumin in water
[48]

3.2.3 Targeted Drug Delivery

Nanocurcumin formulations enable precise drug targeting for
effective therapy of diseases by customizing delivery
methods. This approach overcomes curcumin's drawbacks
like rapid metabolism, systemic elimination, and poor
solubility, preserving surrounding structures and focusing
treatment where needed 9. Integrating a particular molecule
combined with nano-curcumin targeted curcumin effectively.
Methods like protein carriers, liposomes, and nanofibers were
discussed to improve solubility and bioavailability %, Poly
lactic-co-glycolic acid (PLGA) and derivatives of
polyethylene glycol (PEG) are types of polymeric
nanoparticles that offer a versatile structure for the
encapsulation of curcumin, enhancing its stability and
solubility while allowing for controlled release kinetics (1.
The therapeutic effectiveness of curcumin can be enhanced by
tailoring these nanoparticles to modify drug release
behaviour’s, boost cellular uptake, and extend circulation
times in vivo B2, Phospholipid bilayers in liposomes
encapsulate curcumin for specific tissue targeting, reducing
off-target effects 1%, Nanoparticles extending curcumin's
benefits and decreasing dosing frequency could enhance
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patient adherence. Customizing nanoparticles with ligands
enables precise curcumin delivery, optimizing efficacy and
minimizing harm to healthy tissues Various studies have
found that nanocurcumin is more therapeutically effective
than traditional curcumin because it improved bioavailability
and targeted distribution in disease models 54, The cancer
society has not yet recognized curcumin as a treatment, even
though it shows significant promise as a safe and effective
option for cancer therapy and chemoprevention. The primary
reason for this reluctance is the low curcumin’s bioavailability
when taken orally, which restricts its therapeutic effects to the
lower gastrointestinal tract 5%,

3.3 Therapeutic applications

3.3.1 Colon Cancer

The mouse model showed nanocurcumin's superiority over
standard curcumin in combating inflammation and cancerous
growth, especially by increasing VEGF and inflammatory
markers like TNF, IL1, and IL6. Nanocurcumin could be a
promising treatment for colon cancer 61, Nanocurcumin
shows strong anticancer effects in colorectal cancer by
influencing key pathways like NF-xB, STAT3, and p53.
Combining it with standard therapies reduces angiogenesis,
promotes cell death, limits tumor growth, and improves
response to chemotherapy. Various nanoformulations,
including liposomes, micelles, and gold nanoparticles, are
used to for the effective transport of curcumin in colorectal
cancer treatment 71, The investigation carried out to assess
the impact of nano-curcumin on rat colon cancer. Thirty rats
were divided into groups treated with curcumin, nano-
curcumin, or control. Azoxymethane was administered every
two weeks. Nano-curcumin showed fewer cell alterations and
reduced COX-2 and Ki-67 proteins. The study suggests using
nanoparticles to enhance curcumin's effectiveness in cancer
therapy 8. Research suggests curcumin affects cancer
progression by influencing angiogenesis, inflammation, and
metastasis. In colorectal cancer treatment, drugs are
administered via the colon, using innovative delivery methods
like encapsulation to enhance bioavailability and reduce side
effects. Focus on curcumin nano-formulations addresses
delivery challenges effectively 59,

3.3.2 Breast cancer

The study analyzes the usefulness of nano-curcumin in
reducing breast cancer cell proliferation, primarily targeting
the MCF7 cell line. A comparison was made between nano-
curcumin, natural curcumin with increased bioavailability,
and traditional chemotherapy medications. The study found
that nano-curcumin effectively reduces breast cancer cell
proliferation, surpassing traditional chemotherapy drugs.
Nano-curcumin inhibited cyclinD1 expression crucial for
cancer cell growth, unlike conventional chemo. Its potential
as a breast cancer treatment requires further investigation for
safety and efficacy . Among 528 papers reviewed, 26
showed Cur-NP effectiveness in in vivo breast cancer models.
Curcumin, delivered in various NP forms, reduced tumor size,
enhanced cell mortality, and inhibited growth. Benefits
included decreased angiogenesis and cancer stem cells with
confirmed safety. Improved outcomes were seen in different
cancer model types in contrast to free curcumin [,
Nanocurcumin preparations coupled with using photodynamic
treatment appear promising, as they reduce tumor mass and
stop metastasis in in vitro studies using MCF-7 and MDA-
MB-231 cell lines. Mouse experiments have confirmed the
high efficacy of nanocurcumin in slowing tumor progression

https://www.phytojournal.com

when used in conjunction with PTT and PDT, without causing
toxic effects 2, These findings highlight the potential of
nanocurcumin-based therapies for breast cancer treatment,
underscoring the necessity for additional clinical
investigations to validate their application in cancer therapies.

3.3.3 Gastric cancer

Gastric cancer ranks as the fifth most prevalent type of cancer
and the third primary cause of cancer-related deaths around
the world. The main contributor to stomach cancer is the
infection caused by Helicobacter pylori additional risk factors
include smoking, inadequate nutrition, and obesity 3],
Nanocurcumin outperformed indigenous curcumin by
inhibiting gastric cancer cells by 97% at 40uM for 72 hours.
Its lower ICso of 18.78uM, compared to native curcumin's
24.20uM, led to higher cytotoxicity. Nanocurcumin induced
cancer cell apoptosis by halting progression to the sub-GO
phase. It exhibited stronger with an MIC of 8ug/ml,
surpassing native curcumin's 16pg/ml 4. This research
proposes using a nano-emulsion delivery system to boost the
effectiveness of curcumin and clarithromycin against
Helicobacter pylori infections. The Curcumin-Clarithromycin
Nano-Emulsion (Cur-CLR-NE) showed superior results in
inhibiting H. pylori, with improved efficacy in eliminating
bacteria and higher eradication rates in in vivo studies in
contrast to free forms of the drugs !,

3.3.4 Ovarian Cancer

While curcumin has exhibited potential in enhancing the
anticancer effects of cisplatin, its therapeutic efficacy is
limited by its poor bioavailability. To address this limitation
and boost curcumin's effectiveness against ovarian cancer,
nanocurcumin was developed. In a study utilizing a rat model
of ovarian cancer induced by DMBA, the combined treatment
of cisplatin and nanocurcumin significantly reduced both the
weight and size of tumors. This combination therapy inhibited
the PI3K/Akt and JAK/STATS3 signaling pathways, leading to
levels of expression of Ki67 and TGF-B. Additionally, the
reduction in tumor growth was associated with decreased JAK
expression, less phosphorylation of STAT3, and lower IL-6
levels. These results show that nanocurcumin enhances the
therapeutic impact of cisplatin, offering promising prospects
for ovarian cancer treatment [61,

3.3.5 Liver Cancer

This study investigated the effects of both free curcumin and
its nanoparticulate form on liver cancer induced by chemical
agents in mice. The results indicated that nanoparticulate
Curcumin possessed a greater effect than natural curcumin on
the levels of various liver enzymes, vascular endothelial
growth factor, tumor necrosis factor-a, o-fetoprotein,
malondialdehyde, and nuclear factor-kB. Furthermore,
nanoparticulate curcumin prevented notable histological
changes in the liver tissue and enhanced serum albumin levels
along with tissue antioxidant activity. In the end, the study
found that nanoparticulate curcumin inhibits the advancement
of hepatocellular carcinoma more effectively than curcumin
671, Curcumin's potent anticancer properties target vital
molecular pathways involved in tumor development and
progression,  encompassing  PI3K/Akt,  Wnt/B-catenin,
JAK/STAT, p53, MAPKSs, and NF-xB. Yet, limited clinical
efficacy stems from bioavailability issues, quick metabolism,
and low solubility. Nanotechnology, like micelles and
liposomes, enhances curcumin delivery, elevating its
effectiveness in treating liver cancer with reduced side effects
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(681, Curcumin nanoparticles (Cur-NPs) showed promising
effects on liver cancer cells, with sizes around 141.2 nm.
They effectively induced cytotoxicity in liver cancer cells at
6.25 pg/mL after 48 hours without harming normal cells.
Notably, Cur-NPs inhibited cancer migration of cells and and
angiogenesis, demonstrating proapoptotic effects by
regulating key proteins like Bax, p53, and Bcl-2. This study
affirms the potential of Cur-NPs in treating liver cancer by
suppressing cell growth and promoting apoptotic pathways
[69]

3.3.6 Diabetes Mellitus

Nanocurcumin  provides  better  bioavailability  and
effectiveness for diabetes than conventional curcumin.
Formulations utilizing nanotechnology enhance its absorption
and stability. It helps to lower blood sugar levels, improves
lipid profiles, possesses antioxidant and anti-inflammatory
properties, assists in managing weight, and could improve
methods for managing diabetes treatment [l A study at
Mashhad University of Medical Sciences examined nano-
curcumin's effects on metabolic parameters in type-2
diabetics. 70 participants took either nano-curcumin or a
placebo for three months. Nano-curcumin lowered HbAlc,
FBG, TG, and BMI significantly (p<0.05). It also reduced
eAG, LDL-C, and improved lipid profile. Though TC, HDL-
C, and TG showed no significant changes, nano-curcumin
offers promise in managing diabetes by lowering glucose
levels and improving lipid metabolism [, Another research
investigated the impacts of curcumin and nano-curcumin on
insulin resistance, glucose levels, Apelin concentrations, and
lipid profiles in rats with type 2 diabetes. Both substances
significantly decreased insulin resistance, blood glucose,
Apelin, cholesterol, triglycerides, LDL, and VLDL levels
(p<0.05). Nano-curcumin demonstrated greater efficacy in
improving the lipid profile and raising HDL levels.
Particularly at a dosage of 100 mg/kg, nano-curcumin
exhibited potential in diabetes management by enhancing
glycemic regulation and reducing insulin resistance ['2,

3.3.7 Neurological Disorders

Given that nanocurcumin can enhance the bioavailability and
therapeutic effectiveness of curcumin, it has become a
promising treatment option for Alzheimer's disease (AD). The
polyphenol curcumin, originating from Curcuma longa,
possesses  neuroprotective  properties by  mitigating
inflammation, oxidative stress, and the aggregation of
amyloid-beta (AP) three critical pathogenic factors in AD.
However, its therapeutic application is limited because of its
quick metabolism and poor solubility. Nanotechnology-based
formulations, such as lipid carriers, liposomes, and polymeric
nanoparticles, improve curcumin’s stability, solubility, and
targeted delivery across the blood-brain barrier. Research
indicates that nanocurcumin can slow the progression of AD
by decreasing tau hyperphosphorylation, inhibiting AP
aggregation, and modulating neuroinflammatory pathways.
Additionally, in experimental models, nanoparticles loaded
with nanocurcumin have shown potential in enhancing
neurogenesis and cognitive function. This formulation
protects neurons, enhances mitochondrial function, reduces
amyloid-beta aggregation, diminishes inflammation, offers
support, and helps modulate immune responses in different
conditions [*7, The study highlighted that nano-based drug
delivery systems effectively improved the aqueous solubility
and bioavailability of curcumin, making it an ideal candidate
for treating neurological disorders. Clinical trials demonstrate
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safety and effectiveness, while continued research is
necessary for optimizing formulations and ensuring long-term
safety [,

3.3.8 Oral Mucositis

Curcumin’s anti-inflammatory and anticancer effects,
nanomicelle curcumin effectively alleviates the degree of oral
mucositis severity in individuals with neck and head cancer
undergoing radiation therapy, presenting itself as a potentially
and safe treatment option. A clinical study involving 32
participants showed a notable reduction in mucositis for those
treated with nanocurcumin compared to the placebo group.
These positive outcomes highlight the potential of
nanomicelle curcumin in addressing oral mucositis during
radiation therapy for head and neck cancer "6l The study
carried out a thorough review and meta-analysis regarding the
efficacy of curcumin/turmeric in both preventing and
managing oral mucositis (OM) resulting from radiation or
chemotherapy in individuals with head and neck cancer
(HNC). The results indicated that patients suffering from OM
due to cancer treatments experienced improvements when
using nanocurcumin (80 mg/day/0.1%) mouthwash, including
reduced severity of OM, delayed onset, and alleviated pain
[771. Following PRISMA guidelines, a thorough analysis and
and meta-analysis, which was registered with PROSPERO,
investigated the impact of curcumin-based treatments
compared to placebos in cancer patients suffering from oral
mucositis (OM). The review included six trials comprising
159 participants, with 40% being female and an average age
of 50 years. Curcumin, whether administered as pills,
mouthwash, or gel, significantly reduced both the severity and
discomfort associated with OM, particularly when applied as
a mouthwash during radiation therapy. The overall incidence
of OM decreased by 6%, while those using curcumin
mouthwash saw a 37% reduction. Further studies are

suggested to improve formulations and treatment outcomes
[78]

3.3.9 Wound Healing

Utilizing silica nanoparticles that are mesoporous in a
nanoformulation enhances curcumin's pharmacokinetic
profile and boosts its ability to facilitate wound healing. A
study comparing nanocurcumin with standard sulfadiazine
treatment in animals demonstrated improved wound
contraction and faster reepithelialization, alongside reduced
inflammation and enhanced angiogenesis and collagen
synthesis. These findings show that curcumin in a a
nanoformulation could serve as an effective treatment for the
healing of wounds [ To ensure curcumin formulations serve
as effective treatments for wound healing, it is essential to
tackle problems related to its low water solubility, inadequate
tissue absorption, and brief plasma half-life caused by rapid
metabolism. In order to enhance curcumin's bioavailability,
innovative curcumin nanoformulations were created (8%,

3.3.10 COVID-19

This research on nanocurcumin for mild to moderate COVID-
19 cases showed promising results. Sixty participants had a
double-blind trial, with one group taking nanocurcumin soft
gels twice daily for two weeks. Benefits included faster
symptom relief, improved lymphocyte counts, and decreased
CRP levels. No side effects were reported. Further research
with larger groups is recommended for potential COVID-19
recovery enhancement (841,
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3.4 Challenges and future directions

However, nanocurcumin has demonstrated promising results
in various disease models, several challenges and unresolved
issues remain. Among these difficulties are the necessity for
additional high-quality randomized controlled trials, clinical
trials, further investigation into the long-term safety and
efficacy of nanocurcumin, and a more thorough understanding
of its molecular modes of action [#2. Future research should
therefore incorporate standardized nanoformulations, rigorous
pharmacovigilance, and a comprehensive evaluation of
immunogenic potential, unintended effects, and interactions
with other medications . Research is needed to determine
the long-term impacts and possible toxicity of ongoing
nanocurcumin use, despite preclinical studies generally
showing low toxicity levels for the compound 4. Future
studies need to emphasize the creation of innovative curcumin
formulations, carry out rigorous randomized controlled trials,
and clarify how nanocurcumin functions in different disease
models 3],

3.5 Safety, toxicity and regulation

The safety profile of nanocurcumin has been shown to be
excellent in preclinical studies. For example, formulations of
curcumin-loaded polymeric NPs (namely using Eudragit
S100) showed no toxicity in acute doses up to 2 g/kg body
weight in experimental animals. In addition, no abnormal side
effects were observed at therapeutic doses in the 28-day sub-
chronic toxicity evaluations, indicating that these preparations
were biocompatible [, Another study investigates the
efficacy and safety of using nanocurcumin in addition to
riluzole as a therapy for amyotrophic lateral sclerosis (ALS).
Year-long double-blind research with placebo control study
evaluated nanocurcumin, which is known for it has
antioxidant and anti-inflammatory properties. With survival
as the primary metric, patients were randomly assigned to
either nanocurcumin or a placebo. This study explores the
potential benefits of curcumin for ALS, specifically for
individuals with bulbar symptoms, since it has shown promise
in treating neurodegenerative diseases. Its safety was
confirmed by the absence of any serious negative effects.
Larger-scale research is required to confirm these results (71,
Despite the positive safety profiles that indicate
nanocurcumin's safety, potential toxicological ramifications
must furthermore be taken into account. In addition to their
dimensions and surface charge, the particular type and
composition of the nanoparticles also influence how they
interact with biological systems [8, The intricacy of
compositions makes regulatory clearance challenging.
Complete characterisation of nanomedicines nanocurcumin,
including  physicochemical  qualities,  stability, and
repeatability, is also required by regulatory bodies such as the
(EMA) and the U.S. (FDA). This is important as it has to do
with public health [,

4. Discussion

A novel way to overcome curcumin's drawbacks, especially
its high metabolism and low bioavailability, is nanocurcumin.
Despite its many pharmacological advantages, such as anti-
inflammatory, anti-cancer, neuroprotective, and antidiabetic
effects, traditional curcumin has poor absorption and is
quickly taken out of the body. Formulations based on
nanotechnology greatly improve the stability, solubility, and
targeted drug delivery of curcumin, maximizing its
therapeutic potential. To increase cellular absorption and
prolong circulation time, nanocurcumin makes use of a
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variety of nanocarriers, including liposomes, micelles,
polymeric nanoparticles, and nanoemulsions. Because
nanocurcumin efficiently modulates important pathways like
NF-xB and PI3K/Akt, causing apoptosis and reducing tumor
proliferation, this has led to noteworthy advancements in the
treatment of cancer. In a similar vein, its capacity to penetrate
the blood-brain barrier increases its effectiveness in
neurodegenerative diseases like Parkinson's and Alzheimer's.
By increasing insulin sensitivity and reducing blood sugar,
nanocurcumin helps manage diabetes in addition to oncology
and neurology. Its anti-inflammatory qualities also aid in the
treatment of oral mucositis, wound healing, and even
infectious illnesses like COVID-19. Despite these
encouraging uses, more clinical studies are needed to
determine dosage recommendations, assess toxicity risks, and
guarantee regulatory compliance before they are extensively
applicable in medicine.

5. Conclusion

The limitations of natural curcumin, including its rapid
metabolism and poor bioavailability, are effectively overcome
by nanocurcumin, signifying a noteworthy breakthrough in
medication delivery technologies. Various nano-formulation
methods have enhanced curcumin's therapeutic potential,
particularly in treating infectious diseases, diabetes, cancer,
and neurodegenerative disorders. Comparative research
illustrates nanocurcumin's superiority in addressing disease
pathways, improving absorption, and prolonging drug
retention. Despite these promising results, challenges remain,
such as the need for further clinical trials to assess long-term
safety and efficacy. Future studies ought to concentrate on
improving nano-formulations, ensuring scalable production,
and expanding its applications in personalized medicine for
improved therapeutic outcomes.
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