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HIGHLIGHTS

e Curcumin shows strong anti-
inflammatory, antioxidant, and
anticancer effects.

e Nanoformulations improve
curcumin’s stability, absorption,
and effectiveness.

e Curcumin nanoparticles may
protect against cancer, heart, and
brain disorders.

o  More clinical studies are needed
to confirm curcumin’s full
therapeutic potential.
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ABSTRACT

Researchers have recently focused on the bioactive components
present in natural products. Over the past two decades, curcumin,
the active compound derived from the Curcuma longa plant, has
been extensively investigated due to its therapeutic potential as an
anti-inflammatory, antioxidant, and anticancer agent. This review
article aims to present the potential and therapeutic activities
of curcumin based on its medicinal significance and targeted
pathways. Its antibacterial, neuroprotective, antioxidant, and
anticancer properties are discussed in relation to the biological
activities of curcumin. Despite the promising findings, sufficient
evidence supporting the adjunctive use of C. longa and curcumin-
based nanoparticles for the treatment of various inflammatory and
infectious disorders is still lacking. Several nanoformulations have
been developed, and their effectiveness has been demonstrated in
preclinical studies; however, further validation through human
clinical trials is required before their application in medicine
can be established. In this context, the current review provides
an overview of curcumin nanoformulations that may serve as
effective alternatives for targeted therapies in the management
of various human disorders. According to the reported literature,
nano-gels, nanoemulsions, and nano-creams loaded with
curcumin nanoparticles have been proposed for the management
of several diseases. The information presented in this review has
been compiled from approximately 300 preclinical and clinical
research papers and review articles. Further studies should focus on
optimizing the stability of nanoformulations, improving clinical
translation, and enhancing the therapeutic efficacy of curcumin
nanoparticles in order to evaluate their potential as candidates for
novel drug development in the treatment of various diseases.
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INTRODUCTION

Due to its numerous therapeutic and medicinal
applications, Curcuma longa is widely recognized
not only in Asia but also globally. Curcumin, the
active compound of C. longa, has been increasingly
valued based on various reported studies and
clinical trials for its role in managing a wide range
of disorders, including diabetes, obesity, bacterial
and protozoal infections, and wound healing
(Priyadarsini 2014). It has been reported that
several strategies have been employed to enhance
the pharmacological activity and therapeutic
potential of this compound (Fuloria ez al. 2022).

The genus Curcuma, which has long been
utilized for medicinal purposes, comprises
approximately 133 species worldwide. Commonly
recognized species of this genus include Curcuma
longa (Haridra), Curcuma zanthorrhiza Roxb., and
Curcuma zedoaria Rosc. (Zedoary). The species
C. longa, a common tall perennial herb belonging
to the family Zingiberaceae (ginger family), is
predominantly cultivated in tropical climates
across Asia (Di Martino et al. 2017). The well-
established medicinal benefits of C. longa have been
extensively documented in Ayurveda, where it is
described in the works of Dashemani as Kusthagna
(anti-dermatosis) and Visaghna (anti-poisonous)
(Adamczak er al. 2020; Marchiani et al. 2014).

Curcumin, a polyphenol extracted from
the turmeric plant (Curcuma longa), has been
extensively investigated for its wide range of
pharmacological properties, including anti-ulcer,
antioxidant, anti-tumor, anti-inflammatory, and
anticancer activities (Islam ez /. 2024). Curcumin’s
anticancer potential has been attributed to its
ability to regulate various immune modulators,
such as cytokines and reactive oxygen species
(ROS) (Zoi et al. 2021). Nanotechnology-based
approaches have been proposed to overcome the
limitations associated with conventional curcumin
formulations and to facilitate its transition from
laboratory applications.
Several reputable studies have demonstrated that
curcumin-loaded nanoformulations, including
nanomedicine-based drug delivery systems, can
maximize therapeutic benefits by enhancing
pharmacokinetics and bioavailability (Chopra ez
al. 2021).

Multiple types of  curcumin-based
nanoformulations have been reported, each with
distinct clinical relevance, as they provide controlled
drug release and strong biocompatibility. However,

research to clinical

certain limitations remain. For example, polymeric
nanoparticles, such as those derived from PLGA,
may exhibit initial burst release problems.
Liposomes, which mimic cell membranes and
enhance curcumin absorption, face challenges
related to stability and encapsulation efficiency.
Solid lipid nanoparticles are considered highly
safe and stable but have a relatively limited drug-
loading capacity. Nanomicelles, characterized by
their small size and enhanced solubility, are ideal
for systemic distribution; however, their stability
under physiological conditions can be inconsistent

(Kang et al. 2018).

Key  formulation
biodistribution patterns, cytotoxicity in both
cancerous and normal cells, and drug release
profiles at physiological pH, have been proposed
to guide the development of optimized curcumin-
based nanocarriers. Advancements in this area
are expected to bridge significant translational
gaps in curcumin nanomedicine and contribute
substantially to targeted cancer therapy. These
innovations are anticipated to improve clinical
outcomes and provide more effective cancer
treatments. Furthermore,
supplementation has been reported to reduce
cardiovascular disease risk by improving lipid
profiles and lowering inflammatory markers, as
demonstrated in a systematic clinical review (Lin
et al. 2020). Preclinical studies also suggest that
curcumin nanoparticles may offer neuroprotective
effects in neurodegenerative disorders, such as
Parkinson’s and Alzheimer’s diseases, by reducing
oxidative stress and preventing protein aggregation
(Kumararaja et al. 2023). In addition, curcumin-
loaded nanoparticles have shown enhanced tumor
suppression and reduced metastasis in models of
nasopharyngeal and hepatic cancers (Xue et al.

2018).

parameters,  including

nano-curcumin

Research is still ongoing to improve the
safety, stability, and therapeutic efficacy of
these formulations. This review highlights the
pharmacological of curcumin and
provides a comprehensive overview of recent
advancements in C. longa research, with particular
emphasis on the development of nano-carriers
to enhance curcumin bioavailability and address
existing challenges in drug delivery.

activities

The purpose of this review paper is to provide
researchers with easy and quick access to
information regarding previously reported and
utilized phytochemicals. A comprehensive literature
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search was conducted using search engines such as
Google Scholar, Scopus, ProQuest, and Molecules
to compile this review on the phytochemistry and
pharmacological applications of curcumin. This
review is intended to address existing research gaps
and to highlight areas where new strategies need
to be developed. Furthermore, the article presents
an extensive overview of numerous curcumin-
based nanoformulations, both individually and in
combination, according to their potential health
benefits, mechanisms of action, and targeted
pathways in the treatment of various diseases.

REVIEW

Therapeutic Applications

It has been observed that curcumin can modulate
awide range of molecular targets that are associated
with the underlying causes of numerous human
disorders. Figure 1 illustrates the therapeutic
potential of curcumin across major categories
of medical illnesses. The multifaceted properties
of curcumin are emphasized, underscoring its
relevance in the treatment and prevention of various
diseases. Curcuma longa Linnaeus, commonly
known as turmeric (Family: Zingiberaceae;
Genus:  Curcuma; Species: longa) within the
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Plantae kingdom and the Magnoliophyta division
(Rai er al. 2015), has been widely studied for its
medicinal value. Curcumin, the principal bioactive
compound of Curcuma longa, has been reported to
possess diverse therapeutic applications, ranging
from the treatment of cancer to the management
of coughs and colds (Mundekkad & Cho 2023).
Studies on curcumin-based formulations (Table
1) have demonstrated that Curcuma longa exhibits
multiple pharmacological benefits and exerts
significant anticancer activities against various cell
lines.

Anticancer Potential

Curcumin has been reported to produce
significant  outcomes, including an increased
percentage of drug sensitivity, in overcoming
medication resistance frequently observed in
breast, ovarian, lung, and other cancer types
(Amaroli et al 2024). In breast cancer cell lines,
the overexpression of flap endonuclease 1 (FEN1)
has been associated with increased resistance to
the chemotherapeutic drug cisplatin. It has been
discovered that curcumin enhances the sensitivity
of breast cancer cells to cisplatin through the
downregulation of FEN1 expression in vitro (Zou
etal. 2018). Apoptosis was also observed in MCF-7
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Figure 1 Health benefits and therapeutic applications of curcumin
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and MCF-7-DDP cells treated with curcumin. In
cells exposed to 2 pg/mL cisplatin combined with
20 pmol/L curcumin, a significantly higher degree
of apoptosis was recorded in the combination
treatment group compared to cisplatin treatment
alone (P < 0.05). These findings suggest that the
combined use of cisplatin and curcumin may
enhance the susceptibility of breast cancer cells
to cisplatin (Ke ez a/. 2014). Similarly, it has been
demonstrated that curcumin, when used together
with cisplatin, can overcome cisplatin resistance in
lung cancer by promoting apoptosis and inhibiting
cell proliferation (Priyadarsini 2014).

With an ICsy at the micromolar level, it was
observed that curcumin significantly suppressed the
proliferation of several cancer cell lines, including
T47D, MCF7, and MDA-MB-231 (p < 0.001).
These findings indicate that curcumin possesses
strong anticancer properties. Cell cycle arrest at
the G2/M phase was reported following curcumin
treatment, as determined through a comprehensive
investigation of its mechanism of action (Shan ez
al. 2018). Among the numerous biological effects
of curcumin, its ability to stimulate the production
of phase II and antioxidant enzymes through Nrf2-
dependent pathways has been highlighted. Due
to its rapid metabolism and low bioavailability,
curcumin has been extensively investigated in
several clinical trials (Deck et 2/ 2018).

The outcomes were found to demonstrate
modest hemolytic and cytotoxic activities against
eukaryotic cells, along with enhanced antibacterial
and anticancer properties (Adahoun ez al. 2017). It
was also discovered that neither the extract nor the
synthetically prepared gold nanoparticles (GNDPs)
exhibited any cytotoxic effects on the Hela or
1929 cell lines (Das et al. 2024).

According to a study, in both scratch and
Transwell migration tests, the curcuzederone
molecule, a phytocompound of C. longa, was
found to significantly inhibit the migration of
MDA-MB-231 cells (P < 0.05) and reduce cancer
cell proliferation (Al-Amin ez al. 2021). Based on
these reported studies, curcumin is believed to
exhibit anticancer properties through multiple
mechanisms, including anti-angiogenic effects,
induction of apoptosis, disruption of tumor cells,
and prevention of tumor invasion into healthy
tissues.

Antioxidant Potential

By improving mitochondrial  function,
reducing reactive oxygen species (ROS), and
modulating  antioxidant  enzyme  activity,

curcumin has been shown to alleviate conditions
associated with oxidative stress and mitochondrial
dysfunction (Roohi ez al. 2017). Recent studies
have demonstrated that disorders related to
mitochondrial dysfunction and oxidative stress can
be mitigated by curcumin. It has been indicated
that curcumin may provide therapeutic benefits
for certain metabolic disorders (Sathyabhama ez a/.
2022). At low and intermediate doses, curcumin
has been reported to decrease ROS either by
upregulating Nrf2 protein levels or by enhancing
the activities of SOD, CAT, and GSH-Px. The
resulting increase in cellular capacity to eliminate
ROS contributes to the preservation of oxidative
stress resistance, potentially reducing apoptosis and
improving cell survivability (Lin ez 2/ 2020). In
clinical models of neuroinflammation, diabetes,
and cardiovascular disease, curcumin has been
observed to significantly lower oxidative stress
enzymes and ROS levels by directly scavenging free
radicals and enhancing endogenous antioxidant
defenses (Karamalakova ez /. 2019).

In untrained, healthy men, oxidative damage
is caused by sudden, intense exercise. Oral
administration of curcumin for one week has
been shown to reduce lipid peroxidation and
potentially enhance the intracellular antioxidant
system (Roohi e al. 2017). Antioxidant activity
in the study was assessed using the 1,1-diphenyl-
2-picrylhydrazyl (DPPH) free radical-scavenging
assay. The ethanolic extract of Chittagong’s mura
was found to contain the highest concentrations
of ascorbic acid (0.09 mg/100 g), polyphenols
(16.07%), and flavonoids (9.66%) (Tanvir et 4.
2017).

Several strategies can be employed to achieve
this goal, in addition to using micelles for
targeting curcumin to mitochondria. For instance,
the introduction of various nanocarriers and
the development of curcumin derivatives that
specifically target mitochondria have been explored
(Hu er al. 2024). The growth of stomach tumor
cells has been inhibited by curcumin micelles
both in vivo and in vitro. This effect is believed
to involve increased reactive oxygen species (ROS)
production, disruption of redox homeostasis, and
modulation of mitochondrial bioenergetics (Lin
et al. 2020). Numerous studies have reported
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reductions in various inflammatory indicators, and
the anti-inflammatory and antioxidant properties
of curcumin are considered to mediate its beneficial
effects on stress markers, inflammatory markers,
ulcers, and osteoarthritis.

Anti-Ulcer Potential

Curcumin has been proposed as a potential
protective agent against inflammatory diseases,
including cancer and ulcers. These biological effects
are attributed to its antioxidant, antimicrobial,
and anti-inflammatory properties. Based on the
literature, it can be concluded that gastrointestinal
ulcers are prevented by curcumin, and that the
compound represents a unique therapeutic option
for ulcer treatment (Yadav ez 2/ 2013).

When compared to the control groups, the
growth and colony formation of gastric tumor
cells were dramatically reduced by curcumin
micelles, and apoptosis was induced (Panda ez al.
2017). In the repair of indomethacin-induced
gastric ulcers (GU), an oral administration of a
chitosan-curcumin mixture was found to be more
effective than curcumin, chitosan, or lansoprazole,
a conventional antiulcer drug (Kuadkaew ez al.
2021). In a separate study, no acute toxicity was
observed in rats treated with a metal-curcumin
complex (MCC). The results indicated that MCC
acted as a more efficient scavenger than curcumin.
At an oral dose of 100 mg/kg, gastro-protective
efficacy against ethanol-induced ulcers in rats
was demonstrated by MCC (Joshi ez al. 2023).
Further investigation revealed that curcumin
micelles affected mitochondrial proteins in gastric
tumor cells, altering mitochondrial function and
influencing mitochondrial bioenergetics (Panda ez

al. 2017).

Hepatoprotective Potential

The antioxidant properties of curcumin are
believed to prevent CCly-induced secondary
hepatic cytochrome P450 (CYP) damage. It has
been reported that curcumin functions as an
antioxidant and inhibits NF-«B activation, thereby
preventing liver injury caused by CCly (Perrone ez
al. 2015). Except at a concentration of 5 g/kg/day,
no significant changes in hepatic cytochrome P450
levels or activity were observed following curcumin
administration, according to a previous study
(Sugiyama et al. 2006). In contrast, the activity of
these isoenzymes, particularly cytochrome P450
2E1 (CYP2EL), was significantly reduced (P <
0.05) by CCly, resulting in elevated free radical

production. Pretreatment with curcumin at a dose
of 0.5 g/kg/day markedly inhibited the effects of
CCly. Liver protection was conferred by Curcuma
longa L. (CLL) extract, which also significantly
decreased plasma bilirubin (BL), gamma-glutamyl
transpeptidase (GGT), and lipid peroxidation
levels. Consequently, the CLL extract may be
utilized as an antioxidant in the treatment of
chronic hepatotoxicity (Karamalakova ez a/. 2019).
Furthermore, compared to free curcumin (100
mg/kg), silymarin (25 mg/kg), and self-recovery
groups, curcumin-loaded solid lipid nanoparticles
(C-SLNs) at 12.5 mg/kg significantly (P < 0.001)
reduced histological alterations and oxidative stress

(Xu et al. 2020).

Hepatotoxicity was evidenced by histological
alterations in the liver induced by arsenic,
which also elevated serum aspartate and alanine
aminotransferase activities. In the liver, arsenic
decreased the activities of glutathione reductase,
catalase, and glutathione peroxidase, while
increasing lipid peroxidation and depleting
reduced glutathione. The effects of arsenic were
mitigated by curcumin and its nanoparticle-
encapsulated form (CUR-NP) in a preclinical trial,
with the amelioration being more pronounced in
the CUR-NP treatment. These findings indicate
that curcumin administered in nano-encapsulated
form produces greater protective effects than free
curcumin (Lin ezal. 2020). With stronger protective
benefits demonstrated by CUR-NP, hepatotoxicity
can be substantially reduced through restoration
of antioxidant enzyme activity, reduction of lipid
peroxidation, and improvement of liver histology.
The bioactive potential of curcumin in preventing
hepatotoxicity may be further elucidated through
carefully designed clinical trials (Perrone ez al.
2015). Moreover, in the context of ulcer and cancer
treatment, such trials could provide critical insights
into the optimal therapeutic use of curcumin,
ultimately enhancing patient outcomes and overall

well-being.
Anti-Coagulant Therapeutic Activity

Blood coagulation occurs within arteries
under various conditions, which can disrupt
blood flow or cause internal bleeding that may
occasionally be fatal. Therefore, anticoagulants are
typically administered to prevent blood clotting
in such situations. Additionally, inflammation
has been shown to increase the risk of blood
coagulation by activating molecules that promote
clot formation (Chopra ez al. 2021). In clinical
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trials, curcumin’s anticoagulant activity was
demonstrated by comparing thromboplastin time
and thrombin time analyses with control blood
samples, revealing that curcumin prolongs blood
clotting times. Both curcumin and its derivative,
bisdemethoxycurcumin, were found to significantly
extend prothrombin time and activated partial
thromboplastin time while inhibiting the activities
of activated factor X and thrombin (Sirisidthi et a/.
2016).

Similarly, the anticoagulant effect of curcumin
has been investigated, revealing that the presence of
its hydrophobic groups contributes to a reduction
in clotting time in both prothrombin time (PT)
and activated partial thromboplastin time (APTT)
assays. The ortho-methoxy group, also present
in curcumin, has been shown to enhance its
anticoagulant activity. Furthermore, a decrease
in white blood cell (WBC) count was observed,
which consequently reduced platelet aggregation
and inhibited the formation of fibrin deposits in
the kidneys. Therefore, curcumin, when combined
with nanotechnology, is considered a potential
anticoagulant and preventive agent for thrombotic
disorders (Keihanian ez 2/ 2018).

Neuroprotective Potential

It has been suggested that effective prophylaxis
is highly desirable, as neuroprotective strategies
are most effective when applied prior to the onset
of damage (Nebrisi 2021). Among its pleiotropic
actions, curcumin exhibits anti-inflammatory
properties, a favorable safety profile, and potential
neuroprotective efficacy (Cole ez al. 2007). The
pharmaco-therapeutic  potential
in cerebral ischemia, including its molecular
mechanisms of neuroprotection, has been reviewed
in animal models, and it has been observed that
curcumin represents a promising therapeutic
candidate for cerebral ischemia, demonstrating

of curcumin

significant  improvements  in  biochemical
parameters (Lalita & Bhakta 2021).
Gold  nanoparticles  functionalized — with

curcumin have been shown to effectively interact
with amyloid proteins and peptides, inhibit
amyloid fibrillation, and disintegrate amyloid
fibrils by acting as synthetic molecular chaperones
(Yallapu er al. 2015). The desolvation technique
was successfully employed to produce curcumin-
loaded a-lactalbumin (a-LA) nanoparticles,
targeting a particle size range of 100 - 150 nm.
The resulting formulation, o-LA-Curcumin,
has been demonstrated to provide protection

against permethrin-induced neurotoxicity. Upon
application of a-LA-Curcumin, the generation of
ROS induced by permethrin was reduced, thereby
mitigating cellular damage (Paulpandi ez 4l
2023). NF-kB mRNA expression was significantly
downregulated  following administration  of
caffeine-mediated  nano-curcumin  (N-CUR),
while TNF-o and IL-6 levels, as well as SOD
activity, were significantly improved. N-CUR has
been reported to exert mild to moderate beneficial
effects on caffeine-induced inflammatory responses,
oxidative stress, and apoptosis in the brain
(Morsy et al. 2024). The neuroprotective effects
of curcumin are believed to be mediated through
multiple mechanisms, including modulation of
oxidative stress, excitotoxicity, neuroplasticity,
hypothalamic-pituitary-adrenal axis imbalances,
and neurotransmitter levels (Nebrisi 2021).

Therapeutic Efficacy Against Stroke

The effectiveness of the curcumin formulation
was evaluated using assessments of grip strength,
locomotor activity, and brain chemistry (Yallapu
et al. 2015). Improvements in outcomes following
brain injury have been reported to be potentially
mediated by curcumin through the regulation of
Th17 cell development. Twenty-four hours after
the onset of stroke, T cells, which play a detrimental
role in the ischemic response, were observed to
infiltrate the region of ischemic damage. The
endogenous apoptosis pathway was shown to be
directly influenced by the p53 signaling pathway
through interactions with multi-domain members
of the Bcl-2 family (Du ez al. 2023; Marques et al.
2020).

In a study, therapeutic potential in cerebral
stroke was demonstrated by the epigenetic agent
curcumin, which was delivered via 200 nm-
sized exosomes. Behavioral, oxidative stress, and
physiological parameters were effectively reduced
by curcumin, indicating its protective effects
against cerebral ischemic insult (Yallapu ez al
2015). Although curcumin has shown promise in
animal stroke models, the mechanisms by which
it influences microglial polarization and promotes
long-term stroke recovery remain unclear. It was
observed that, three days after AMCAOQ, cerebral
ischemic damage was markedly reduced following
curcumin post-treatment (Liu ez al. 2017).
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Antitumor Potential
Lysosomes represent a signiﬁcant class
of membrane-bound organelles within the

intracellular membrane system. They are involved
inimmunological modulation, cellular metabolism,
and programmed cell death, among other biological
processes that influence tumor development and
progression. Lysosomal activity has been shown to
be modulated by curcumin, thereby affecting drug
resistance, immune function, invasion, metastasis,
and tumor proliferation (Zeng ez al. 2020). Tumor
growth can be effectively inhibited by curcumin.
The transcription of ribosomal DNA (rDNA) into
ribosomal RNA (rRNA), which promotes cell
growth and proliferation, is regulated upstream by
mTORCI. Curcumin has been demonstrated to
inactivate mTORCI through the suppression of
mTOR lysosomal localization (Xu e al. 2020).

The encapsulation of curcumin in Eudragit
S100 polymer nanoparticles has been shown to
influence cellular uptake and to enhance anti-
cancer potential two-fold in the HT-29 human
colorectal cell line. Innovative formulations have
enabled a multi-theranostic strategy, incorporating
both therapeutic and imaging functions (Yallapu ez
al. 2015). Furthermore, chemo-resistance in tumor
cells has been demonstrated to be re-sensitized
by curcuminoids through the downregulation of
Bcl-2 and DNA repair enzymes (Lin ez al. 2020).
Additionally, further efforts should be devoted to
the development of multimodal anticancer therapy
strategies in future research by combining standard
chemotherapy regimens with curcumin derivatives,
analogs, and nano-formulations (Mohamadian ez
al. 2022).

Antimicrobial Potential

The synthesis, characterization, and application
of curcumin-capped magnetic nanoparticles have
been investigated. It has been demonstrated that
the interaction between curcumin and magnetic
nanoparticles, which occurs through the carbonyl
groups of the polyphenol structure, alters the
structural, photochemical, and magnetic properties
of the polyphenols using various analytical
methods. This novel material has been shown to
possess the potential to photo-inactivate Gram-
positive bacteria, including Staphylococcus aureus
(Cafon-Ibarra et al 2023).

Compared to Escherichia coli and Bacillus cereus,
a greater antibacterial activity in vitro has been

exhibited by curcumin nanoparticles (curcumin-
NPs) against Staphylococcus aureus. Pathogens
in chicken fingers were successfully suppressed
by curcumin-NPs during storage for up to 27
days. After storage, reductions in total volatile
basic nitrogen (TVB-N) levels were observed
in chicken samples treated with curcumin-NPs.
The bioactive properties, antioxidant capacity,
antibacterial activity, and chemical indicators of
these experiments validated the efficacy of nano-
curcumin at a dose of 10 pg/g (Morsy er al.
2023). Overall, nanotechnology has been shown
to enhance material efficacy and address issues
associated with the use of natural additives in the
meat industry, which could otherwise alter the
sensory qualities of meat products. Consequently,
improvements in the microbiological quality of
poultry meat, including extended shelf life and
reduced lipid oxidation, have been demonstrated
by curcumin-NPs (Morsy ez al. 2023). Although
the signaling pathways utilized by curcumin
nanoformulations to treat human diseases are
well characterized, appropriate human dosage
evaluations remain unavailable and should be
prioritized. The therapeutic efficacy of curcumin-
containing nanocomposites has been shown to
surpass that of nanocurcumin or free curcumin
(Chopra et al 2021). Numerous conceptual
preclinical studies have been published; however,
these findings should be verified through higher-

level animal studies or clinical trials.

CONCLUSION

and  its  nanoparticle-based
formulations  exhibit  significant  therapeutic
potential, ~with  demonstrated effects on
anticoagulation, fibrinolysis, oxidative stress,
antimicrobial activity, and cancer treatment. The
molecular mechanisms underlying these effects
have been identified, and further research is
required to advance curcumin’s development as a

Curcumin

clinically effective therapeutic agent.
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