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This critical review evaluates strategies to enhance curcumin bioavailability using 
nanoformulation-based delivery systems, compares pharmacokinetic and in vivo safety 
data, and identifies key barriers to clinical translation. Articles published between 2015 
and 2025 were retrieved from Scopus, ScienceDirect, and PubMed using keywords 
related to curcumin, nanoformulations, bioavailability, pharmacokinetics, safety, and 
clinical translation. Eligible peer-reviewed studies were compared based on formulation 
type, bioavailability enhancement, in vivo tolerability, and translational limitations. 
Various systems—including polymeric nanoparticles, lipid-based carriers, micelles, 
nanoemulsions, cyclodextrin complexes, phytosomes, dendrimers, and exosomes—
improve curcumin solubility, stability, permeability, and delivery. Overall, 
nanoformulations increase systemic exposure from moderate to substantial levels, with 
lipid–polymer systems showing the most consistent gains. Most studies report acceptable 
safety at therapeutic doses; however, dose dependence, formulation-specific effects, 
limited long-term human data, scalability issues, and regulatory challenges remain major 
constraints. While nanoformulations significantly improve curcumin bioavailability and 
therapeutic potential, standardized manufacturing, comprehensive safety evaluation, and 
well-designed clinical trials are required for clinical implementation. 
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1. INTRODUCTION 

1.1. Research Background  

Polyphenolic compounds extracted from the rhizome of Curcuma 
longa have attracted significant scientific attention owing to their 
broad pharmacological properties, including anti-inflammatory, 
antioxidant, anticancer, antimicrobial, and neuroprotective 

effects. Characteristics have established curcumin as a potential 
therapeutic agent for the prevention and treatment of diverse 
chronic diseases, including cancer, metabolic disorders, 
neurodegenerative diseases, and inflammatory conditions [1], [2], 
[3], [4]. Although curcumin has considerable therapeutic 
potential and a good safety record, its use in clinical settings 
remains challenging. 

The primary constraint hindering curcumin's clinical 
application is its significantly low oral bioavailability. Native 
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curcumin has low water solubility, is rapidly broken down in the 
intestines, is not readily absorbed through the gastrointestinal 
epithelium, and is quickly eliminated from the body, resulting in 
very low plasma concentrations after oral administration [5], [6], 
[7]. These undesirable pharmacokinetic properties necessitate the 
administration of elevated doses to achieve therapeutic efficacy, 
which is impractical and may compromise patient adherence [1, 
2]. 

To address these challenges, significant research has focused 
on developing nanoformulation-based delivery systems to 
enhance the solubility, stability, absorption, and overall 
bioavailability of curcumin. Numerous nanocarriers, such as 
liposomes, micelles, nanoemulsions, polymeric nanoparticles, 
dendrimers, and solid lipid nanoparticles, have been developed 
and assessed in both preclinical and clinical settings [3], [4], [8], 
[9], [10]. These nanoformulations have demonstrated significant 
enhancements in curcumin's pharmacokinetic profile, with 
specific systems achieving up to a nine-fold increase in oral 
bioavailability compared to native curcumin [1, 2, 11]. 

Nanoformulations enhance curcumin's bioavailability by 
increasing its water solubility, protecting it from chemical and 
enzymatic degradation, increasing intestinal permeability, and 
facilitating targeted or sustained release [12, 13]. Despite 
promising preclinical results, the application of nanoformulated 
curcumin in standard clinical practice remains limited. 
Regulatory constraints, safety concerns, scalability issues, and 
insufficient long-term clinical data continue to impede 
widespread adoption [10], [14], [15]. 

Consequently, this critical review aims to systematically 
analyze contemporary nanoformulation strategies for curcumin 
delivery, evaluate their effects on bioavailability and therapeutic 
efficacy, investigate the mechanisms underlying absorption 
enhancement, and identify essential translational challenges and 
research deficiencies that need to be addressed to promote clinical 
application. 

1.2. Literature Review 

Nanoformulation-based delivery systems have emerged as a 
crucial approach to addressing the inherent physicochemical and 
pharmacokinetic challenges of curcumin, particularly its limited 
aqueous solubility, chemical instability, and restricted oral 
bioavailability. A broad array of nanoformulation platforms has 
been created, each distinguished by unique structural attributes 
and functional benefits that collectively seek to improve 
curcumin delivery and therapeutic efficacy [16], [17], [18]. 

1.2.1 Liposomes 

Liposomes are one of the most well-studied nanoformulation 
systems for delivering curcumin. Liposomes are made up of 
phospholipid bilayers that surround an aqueous core. They can 
trap hydrophobic substances, such as curcumin, in their lipid 
membranes. This structure keeps curcumin from breaking down 
chemically and makes it much more stable and soluble in living 
things [16, [17]. Liposomes can also help cells take them up more 
readily and stay in the body longer, making them especially useful 
for treating cancer and inflammatory diseases [18]. 

1.2.2. Nanoparticles made of Polymers 

Polymeric nanoparticles, typically made from biodegradable 
polymers such as poly(lactic-co-glycolic acid) (PLGA) and 

chitosan, are highly useful for controlled and sustained drug 
release. Systems enable precise control over the rate of curcumin 
release, and they can be modified with targeting ligands to 
enhance delivery to specific tissues [19]. Nanoparticles are useful 
for both systemic and localised therapeutic applications because 
they are biocompatible and their physicochemical properties can 
be tailored [16], [17].  

Lipid nanoparticles (SLNs) are made up of a solid lipid core 
that is held together by surfactants. This makes them more stable 
and protects drugs from breaking down. SLNs have shown better 
oral bioavailability and longer release profiles for curcumin, and 
they also use fewer organic solvents during production [20], [21]. 
These characteristics make SLNs especially useful for 
nutraceutical and food-related uses, as well as for long-term 
medical use [18]. 

1.2.3. Micelles 

Amphiphilic molecules spontaneously assemble in water to form 
micellar systems. These systems have hydrophobic cores that can 
dissolve curcumin. Polymeric micelles have demonstrated 
significant encapsulation efficiency and improved intestinal 
absorption, especially when designed to react to environmental 
factors such as pH [22]. Their relatively small size makes them 
easier to pass through biological membranes, increasing their 
bioavailability [16]. 

1.2.4. Nanoemulsions 

A standard method for delivering curcumin is through 
nanoemulsions, which are typically oil-in-water or water-in-oil 
dispersions. These formulations have a large interfacial surface 
area, which significantly increases curcumin solubility and 
accelerates its absorption [23]. Shown better bioavailability than 
regular curcumin supplements and are often used in functional 
foods and medicines[8], [24]. 

1.2.5. Nanogels 

Nanogels are three-dimensional crosslinked polymer networks 
capable of encapsulating curcumin and releasing it in a sustained 
and controlled manner. Their high water content and tunable 
swelling behaviour enable localised, site-specific delivery, 
making nanogels particularly suitable for topical, ocular, and 
inflammatory disease applications [16], [17]. 

1.2.6. Cyclodextrin Complexes 

Cyclodextrin complexes increase the solubility of curcumin by 
forming inclusion complexes, which partially enclose the 
hydrophobic curcumin molecule in the cyclodextrin cavity. These 
systems make curcumin more stable in water and less prone to 
chemical breakdown, without significantly altering its molecular 
structure [25]. Cyclodextrin-based carriers are especially 
appealing for food and oral formulations because they are safe 
[26]. 

1.2.7. Phytosomes 

Phytosomes, which are made by combining curcumin with 
phospholipids, make membranes more permeable and help the 
body absorb curcumin better through the gut. Phytosomes are 
different from regular liposomes because they involve 
interactions between curcumin and phospholipids at the 
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molecular level. This makes them more bioavailable and stable in 
the body [16], [17]. 

1.2.8. Dendrimers 

Dendrimers are polymers that have numerous branches and 
are all the same size. They can hold a lot of drugs and have exact 
structural control. For functionalization with targeting moieties, 
enabling drug delivery to specific sites and enhancing their 
effectiveness [18]. Still worries about long-term safety and how 
hard it is to make. 

1.2.9. Gold.Metallic Nanoparticles 

Metallic nanoparticles, including gold and magnetic 
nanoparticles, provide multifunctional capabilities such as 
imaging, targeting, and enhanced stability. These inorganic 
systems facilitate theranostic applications but require careful 
evaluation of toxicity and long-term accumulation [27]. 

1.2.10. Niosomes 

Niosomes are vesicular nanoformulations composed of non-ionic 
surfactants that form bilayer structures like liposomes. This 
makes them effective at encapsulating hydrophobic compounds, 
such as curcumin. The Main benefit is that they are more stable 
in terms of their physical and chemical properties than 
phospholipid-based vesicles. This makes them less likely to break 
down when exposed to oxygen, and as a result, the formulation 
becomes stronger [26], [28]. Enhance delivery efficiency by 
preventing premature breakdown of curcumin and facilitating its 
passage across biological membranes. Niosomes can also be used 
as multifunctional delivery platforms, allowing them to be loaded 
with metallic nanoparticles to achieve both antimicrobial and 
antibiofilm effects that work synergistically, making them even 
more effective for treating diseases [27]. 

1.2.11. Exososmes/Biological Carriers 

Exosomes and other biological carriers are unique 
nanoformulations derived from vesicles secreted by cells. They 
are unique because they are derived from nature, are highly 
biocompatible, and can cross biological barriers on their own. 
These characteristics enable exosomes to serve as effective, 
biologically compatible carriers for curcumin, thereby promoting 
improved cellular uptake and intracellular delivery via 
endogenous vesicular transport pathways [18]. Consequently, 
exosome-based systems are increasingly recognised as promising 
next-generation delivery platforms for curcumin, particularly for 
applications that require efficient tissue penetration and reduced 
immunogenicity.  

Table 1 summarises the main strategies for nanoformulation 
developed to deliver curcumin. It shows their structural 
characteristics, key functional features, and some examples of 
references. 

1.3. Research Objective 

This study aimed to critically evaluate the bioavailability of 
curcumin across various nanoformulation strategies, focusing on 
delivery mechanisms, enhancement efficiency, and translational 
challenges for clinical and therapeutic applications. 

 
 

 

Table 1. Major Nanoformulation Types for Curcumin Delivery 
Type of 

Nanoformulation 
Description and 

Important Features 
References 

Liposomes Spherical vesicles 
made of 
phospholipid 
bilayers that keep 
curcumin from 
breaking down and 
make it easier to 
dissolve 

[16], [17], 
[18] 

Polymeric 
Nanoparticles 

Biodegradable 
polymer-based 
systems (e.g., PLGA, 
chitosan) facilitate 
controlled release 
and targeted 
delivery. 

[16], [17], 
[18], [19] 

Nanoparticles of 
Solid Lipids (SLN) 

Solid lipid core 
structures enhance 
stability, prolonged 
release, and oral 
bioavailability. 

[16], [17], 
[18], [20], 

[21] 

Micelles Self-assembled 
amphiphilic 
molecules that 
dissolve curcumin 
and make it easier to 
absorb 

[16], [17], 
[18], [22] 

Nanoemulsions Droplets of oil in 
water or water in oil 
make things easier to 
dissolve and help 
them absorb more 
quickly. 

[8], [16], 
[17], [18], 
[23], [24] 

Nanogels Crosslinked polymer 
networks allow for 
sustained release and 
targeted delivery. 

[16], [17], 
[18] 

Cyclodextrin 
Complexes 

Cyclic 
oligosaccharides 
form inclusion 
complexes, making 
them more soluble in 
water. 

[16], [17], 
[18], [25], 

[26] 

Phytosomes Curcumin-
phospholipid 
complexes enhance 
absorption and 
bioavailability. 

[16], 
[17], [18] 

Dendrimers Highly branched 
polymers; high drug-
loading capacity and 
potential for 
targeting 

[16], 
[17], [18] 

Gold/Metallic 
Nanoparticles 

Inorganic 
nanocarriers (e.g., 
gold, magnetic) 
enable imaging, 
targeting, and 
improved stability 

[16], [17], 
[18] 

Niosomes Non-ionic surfactant 
vesicles; similar to 
liposomes, improve 
stability and delivery 

[26], [27], 
[28] 

Exosomes/Biological 
Carriers 

Cell-derived 
vesicles; natural, 
biocompatible, and 
can cross biological 
barriers 

[18] 
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2. MATERIALS AND METHODS 

This study employed a critical review methodology to 
systematically assess and integrate contemporary evidence 
regarding the bioavailability, pharmacokinetics, safety, and 
translational obstacles of curcumin nanoformulations. The review 
aimed to critically evaluate not only the reported outcomes but 
also the robustness, consistency, and limitations of current 
studies, to identify knowledge gaps and inform future research 
directions. 

This study searched major scientific databases, including 
Scopus, Elsevier (ScienceDirect), and PubMed, for all articles 
published between 2015 and 2025. The search strategy utilized 
combinations of keywords, including curcumin, 
nanoformulation, bioavailability, pharmacokinetics, toxicity, 
safety, and clinical translation. Only English-language articles 
that had been peer-reviewed were taken into account. 

Relevant studies were selected based on title, abstract, and 
full-text review. Data analysis was qualitative, comparing 
nanoformulation types, reported bioavailability enhancements, 
safety outcomes, and translational limitations. Emphasis was 
placed on identifying trends, inconsistencies, and methodological 
limitations rather than analysis, consistent with a critical review 
framework. 

3. RESULT AND DISCUSSION 

3.1. Comparative Pharmacokinetic Evidence of 
Curcumin Bioavailability Enhancement 

Table 2 presents a clear picture of how various nanoformulation 
strategies enhance curcumin bioavailability compared to free 
curcumin. In general, the data show that nanoformulations can 
increase systemic exposure by about 3 to over 100 times. The 
degree of improvement depends heavily on the formulation type 
and the study model. Table 1 provides a comprehensive list of 
nanoformulation platforms developed for delivering curcumin. 
Table 2, on the other hand, only shows formulations for which 
quantitative pharmacokinetic data on bioavailability 
enhancement are available. Consequently, numerous 
nanoformulation systems are excluded from Table 2 due to the 
lack of analogous in vivo or clinical bioavailability assessments. 

Table 2 shows that solid lipid nanoparticles (SLN) 
consistently improve bioavailability by 12-70 times in animal 
models and by even more in human studies. This is because they 
help the intestines absorb nutrients better and release them over 
time [20], [29], [30]. Polymeric nanoparticle systems, such as 
PLGA and chitosan-based formulations, exhibit analogous 
trends, generally resulting in 9- to 11.5-fold enhancements in rats, 
due to mechanisms that prevent degradation and regulate release 
[1], [33], [34]. These results demonstrate that polymeric and 
lipid-based carriers are effective for enhancing curcumin's 
pharmacokinetics. 

Systems based on proteins and surfactants also show 
significant improvements, though not as large. In animal models, 
zein nanoparticles increase by about 7.5-9 times, while saponin-
coated nanoparticles and sophorolipid micelles increase by about 
2.7-8.9 times. This is because they dissolve and absorb more 
effectively, not because they remain in the body longer [31], [32]. 
Self-nanoemulsifying drug delivery systems (SNEDDS) 
demonstrate substantial enhancements in bioavailability in both 

in vitro and in vivo studies. However, specific fold values are not 
consistently documented, which restricts direct quantitative 
comparison [35]. 
 
Table 2. Summarizing fold increase in curcumin bioavailability 

for various nanoformulations 

Nanoformulation 
Type 

Fold 
Increase vs. 

Free 
Curcumin 

Study 
Model 

References 

Solid Lipid 
Nanoparticles 

(SLN) 
12–70× 

In vivo 
dan 

Humans 

[20], [29], 
[30] 

Zein Nanoparticles 7.5–9× In vivo [31], [32] 
Saponin-coated 
Nanoparticles 

8.9× In vivo [32] 

Chitosan 
Nanoparticles 

11.5× In vivo [33] 

PLGA 
Nanoparticles 

9× In vivo [1], [34] 

Self-
nanoemulsifying 
Drug Delivery 

Systems (SNEDDS) 

Significant 
(exact value 
not stated) 

In vitro, 
In vivo 

[35] 

Commercial 
Nanoformulations 

(CurcuWIN®) 
9–136× Humans [30] 

Clinical 
Nanoformulations 

(various) 
9–185× Humans [36] 

Sophorolipid 
Micelles 

2.7–3.6× In vivo [32] 

 
Table 2 also illustrates the significant effects observed in 

clinical settings, which is important. Commercially and clinically 
assessed nanoformulations, including CurcuWIN®, have been 
shown to increase efficacy by 9-136 times in humans, while 
systematic clinical reviews report enhancements of up to 185 
times [30]. Nonetheless, as indicated in the table, cross-study 
comparisons remain challenging due to differences in dosing 
regimens, analytical methods, and study designs. This is an 
important limitation to keep in mind when evaluating these 
pharmacokinetic gains. 

3.2. Comparative Superiority of Liposomal and 
Polymeric Nanoparticles in Curcumin 
Nanoformulation 

Liposomes and polymeric nanoparticles are clearly the two most 
advanced and widely used platforms, accounting for the majority 
of systems that have advanced closer to clinical use. These are 
lipid-based. Polymer-based nanocarriers comprise the majority of 
nanomedicine products approved or evaluated by the FDA and 
EMA, underscoring their importance for translation [10], [37], 
[38]. 

Liposomes, as lipid-based nanocarriers, are characterized by 
phospholipid bilayer structures that closely resemble the structure 
of biological membranes. This makes them highly biocompatible 
and relatively non-toxic. Liposomes have a good safety record, 
are easy to modify, and are widely accepted by regulators, 
especially for cancer and infectious disease treatments [39], [40]. 
However, their clinical performance is limited by moderate to low 
physicochemical stability, susceptibility to oxidation and vesicle 
fusion, and the potential for burst release, which can render the 
formulation less stable during storage and circulation [41, 42]. As 
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a result, liposomal curcumin formulations usually only improve 
bioavailability by about 5–6 times compared to free curcumin 
[10]. 

 
Table 3. Key Comparative Aspects of Liposomes and 

Polymeric Nanoparticles for Curcumin Delivery 

Aspect Liposomes 
Polymeric 

Nanoparticles 
References 

Biocompatibili
ty 

Very high High 
(polymer-
dependent) 

[10], [37], 
[41] 

Stability Low to 
moderate 

High [39], [41], 
[43] 

Surface 
Modification 

Easy 
(limited) 

Highly 
flexible 

[39], [41], 
[43] 

Curcumin 
Bioavailability 

5–6× (vs. 
free 
curcumin) 

9–11× (vs. free 
curcumin) 

[10], [42], 
[44] 

Safety Profile Generally 
safe, 
minimal 
toxicity 

Potential 
toxicity of 
synthetic 
polymers 

[37], [41] 

Regulatory 
Status 

Widely 
approved 
by 
FDA/EMA 

Partially 
approved, 
under 
development 

[38], [39] 

 
Polymeric nanoparticles, such as those made of PLGA and 

chitosan, are matrix-based carriers that are more stable in terms 
of sterics and offer more flexible surface engineering options. 
Table 3 shows that polymeric nanoparticles are less likely to 
break down in the environment, can be controlled more precisely 
in their release rate, and remain in the body longer, especially 
when modified on the surface with PEGylation or ligand 
attachment [41], [43]. Polymeric systems exhibit a significantly 
greater enhancement in bioavailability (approximately 9–11-fold) 
than liposomes, indicating superior pharmacokinetic efficacy for 
curcumin delivery [10, 42, 44]. Still, the potential toxicity of 
polymers and the use of organic solvents during synthesis remain 
important considerations. 

The table's evidence indicates that polymeric nanoparticles 
are more effective at enhancing curcumin bioavailability and 
improving formulation stability. On the other hand, liposomes 
remain preferable because they are safer, more biocompatible, 
and better established under regulatory standards. Choosing the 
best platform, then, depends on balancing the formulation's 
stability with the biological safety needs of the intended clinical 
use. 

3.3. Comparative In Vivo Toxicity and Safety Profiles 
of Curcumin Nanoformulations 

Table 4 summarises in vivo toxicity and safety data, providing a 
clear picture of how well curcumin nanoformulations interact 
with various carrier systems. The evidence suggests that most 
nanoformulated curcumin systems, including polymeric 
nanoparticles, liposomes, micelles, and nanoemulsions, are safe 
at therapeutic doses. They do not have any significant adverse 
effects on blood parameters, liver function, or major organs in 
animal models [19], [45], [46], [47]. 

Table 4 shows that polymeric nanoparticles (like PLGA, 
PVP, and PHA-based systems) are usually safe and do not cause 
irritation at pharmacologically relevant doses. However, toxicity 
may develop in a dose-dependent manner at higher 

concentrations [48], [49], [50], [51]. Liposomal formulations also 
exhibit high biocompatibility, with few reports of toxicity, even 
in cancer models, indicating that they are safe for systemic use 
[45, 52, 53]. Micellar systems are generally well tolerated; 
however, weak teratogenic or developmental effects have been 
observed at elevated doses in embryo-based models, 
underscoring the need for dose optimisation [54], [55]. 

Notably, nanoformulation techniques often reduce the 
toxicity of free curcumin by decreasing reactive oxygen species 
production and enhancing overall biocompatibility, as evidenced 
by studies in zebrafish and rodents [19], [54]. As shown in Table 
X, nanoemulsions do not cause organ toxicity in vivo, further 
enhancing their safety profile [56]. Nonetheless, the data 
collectively highlight that toxicity is formulation- and dose-
dependent, underscoring the need for long-term, chronic 
exposure studies before clinical application [48], [51], [57]. 
 

Table 4. Comparative In Vivo Toxicity and Safety Profiles of 
Curcumin Nanoformulations 

Formulati
on Type 

Safety at 
Therape
utic Dose 

Toxici
ty at 
High 
Dose 

Key Notes 
Referen

ces 

Polymeric 
Nanoparticl
es (PLGA, 
PVP, PHA) 

Safe 
Possib

le 

Dose-
dependent 
toxicity; 
generally 

non-irritant 

[48], 
[49], 
[50], 
[51] 

Liposomes Safe Rare 

Good 
biocompatib

ility and 
systemic 

tolerability 

[45], 
[52], 
[53] 

Micelles Safe 
Possib

le 

Weak 
teratogenic 

effects 
observed at 
high doses 

[54], 
[55] 

Nanoemuls
ions 

Safe 
Not 

report
ed 

No 
significant 

organ 
toxicity in 

vivo 

[56] 

 

3.4. Challenges and Limitations in the Clinical 
Translation of Curcumin Nanoformulations 

Despite substantial progress in formulation design, the clinical 
translation of curcumin nanoformulations remains constrained by 
several unresolved challenges spanning pharmacokinetics, safety, 
manufacturing, and regulatory domains. Although 
nanoformulation strategies improve curcumin solubility and 
stability, low oral bioavailability and rapid metabolism persist, 
frequently resulting in variable and sub-therapeutic systemic 
exposure across different delivery platforms [10], [16], [18], [58]. 
In addition, the inconsistent pharmacokinetic behaviour and 
biodistribution profiles of nanoformulations make it harder to 
determine the correct dose and predict how well they will perform 
in the clinic [10], [18]. 

Concerns about safety and toxicity are a significant roadblock 
to translation. Although the majority of curcumin 
nanoformulations exhibit satisfactory tolerability in preclinical 
models, extensive long-term human safety data remain largely 
unavailable. Possible risks include the accumulation of drugs in 
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tissues that are not the intended target, immune responses, and a 
lack of understanding about the effects of long-term exposure, 
especially in systems that lack tissue specificity [1], [58], [59]. 
These uncertainties still make it hard for regulators to be sure. 

From a development perspective, producing things at scale 
and consistently remains technically challenging. At an industrial 
scale, achieving consistent particle size, encapsulation efficiency, 
and long-term stability is challenging and expensive. This has a 
direct impact on quality control and batch-to-batch consistency 
[10], [18], [60]. Finally, regulatory and clinical limitations further 
delay translation, as nanomedicines are subject to evolving 
regulatory standards and only a limited number of well-powered 
clinical trials have been conducted to date [60], [61](Amekyeh et 
al., 2022; Boroughani et al., 2024). These challenges underscore 
the need for standardised production methodologies, 
comprehensive long-term safety assessments, and robust clinical 
validation to facilitate the transition of curcumin 
nanoformulations into clinical practice. 

4. CONCLUSION 

Curcumin nanoformulations include a wide range of systems, 
such as liposomes, polymeric nanoparticles, solid lipid 
nanoparticles, micelles, nanoemulsions, nanogels, cyclodextrin 
complexes, phytosomes, dendrimers, metallic nanoparticles, 
niosomes, and exosomes. Each of these systems has its own 
benefits for making curcumin easier to deliver, more stable, and 
more effective as a medicine. Nonetheless, despite significant 
advancements in bioavailability and preclinical efficacy, clinical 
translation remains hindered by erratic pharmacokinetics, 
insufficient long-term safety data, manufacturing difficulties, and 
regulatory complexities. Future advancements will rely on 
meticulously designed comparative studies, standardized 
formulation strategies, and robustly powered clinical trials to 
ascertain the therapeutic efficacy and safety of nanoformulated 
curcumin in humans. 
 
REFERENCE 

 
[1] A. Karthikeyan, N. Senthil, and T. Min, “Nanocurcumin: A 

Promising Candidate for Therapeutic Applications,” Front. 
Pharmacol., vol. 11, 2020, doi: 10.3389/fphar.2020.00487. 

[2] S. Stohs, O. Chen, S. Ray, J. Ji, L. Bucci, and H. Preuss, 
“Highly Bioavailable Forms of Curcumin and Promising 
Avenues for Curcumin-Based Research and Application: A 
Review,” Molecules, vol. 25, 2020, doi: 
10.3390/molecules25061397. 

[3] M. M. Nasery et al., “Curcumin Delivery Mediated by Bio-
Based Nanoparticles: A Review,” Molecules, vol. 25, 2020, 
doi: 10.3390/molecules25030689. 

[4] M. Yallapu, P. Nagesh, M. Jaggi, and S. Chauhan, 
“Therapeutic Applications of Curcumin 
Nanoformulations,” AAPS J., vol. 17, pp. 1341–1356, 2015, 
doi: 10.1208/s12248-015-9811-z. 

[5] Z. Rafiee, M. Nejatian, M. Daeihamed, and S. Mahdi, 
“Trends in Food Science & Technology Application of 
curcumin-loaded nanocarriers for food , drug and cosmetic 
purposes,” Trends Food Sci. Technol., vol. 88, no. April, 
pp. 445–458, 2019, doi: 10.1016/j.tifs.2019.04.017. 

[6] W. Liu et al., “Oral bioavailability of curcumin: problems 
and advancements,” J. Drug Target., vol. 24, pp. 694–702, 
2016, doi: 10.3109/1061186x.2016.1157883. 

 
 

[7] L. Slika and D. Patra, A short review on chemical 
properties, stability and nano-technological advances for 
curcumin delivery, vol. 17, no. 1. Taylor & Francis, 2020. 
doi: 10.1080/17425247.2020.1702644. 

[8] T. Jiang, W. Liao, and C. Charcosset, “Recent advances in 
encapsulation of curcumin in nanoemulsions: A review of 
encapsulation technologies, bioaccessibility and 
applications,” Food Res. Int., vol. 132, no. October 2019, p. 
109035, 2020, doi: 10.1016/j.foodres.2020.109035. 

[9] N. D’Angelo et al., “Curcumin encapsulation in 
nanostructures for cancer therapy: a 10-year overview.,” 
Int. J. Pharm., p. 120534, 2021, doi: 
10.1016/j.ijpharm.2021.120534. 

[10] S. Jacob et al., “Advances in Nanocarrier Systems for 
Overcoming Formulation Challenges of Curcumin: Current 
Insights,” Nanomaterials, vol. 14, 2024, doi: 
10.3390/nano14080672. 

[11] Z. Liu, J. Smart, and A. Pannala, “Recent developments in 
formulation design for improving oral bioavailability of 
curcumin: A review,” J. Drug Deliv. Sci. Technol., 2020, 
doi: 10.1016/j.jddst.2020.102082. 

[12] M. Moniruzzaman and T. Min, “Curcumin, curcumin 
nanoparticles and curcumin nanospheres: A review on their 
pharmacodynamics based on monogastric farm animal, 
poultry and fish nutrition,” Pharmaceutics, vol. 12, no. 5, 
2020, doi: 10.3390/pharmaceutics12050447. 

[13] B. A. Hailu, G. G. Bogale, and J. Beyene, “Spatial 
heterogeneity and factors influencing stunting and severe 
stunting among under-5 children in Ethiopia: spatial and 
multilevel analysis,” 2020, Springer Science and Business 
Media LLC. doi: 10.1038/s41598-020-73572-5. 

[14] K. Khezri, M. Saeedi, H. Mohammadamini, and A. S. 
Zakaryaei, “A comprehensive review of the therapeutic 
potential of curcumin nanoformulations,” Phyther. Res., 
vol. 35, no. 10, pp. 5527–5563, 2021, doi: 
10.1002/ptr.7190. 

[15] M. Bagheri, C. F. Van Nostrum, R. J. Kok, G. Storm, W. E. 
Hennink, and M. Heger, “Utility of Intravenous Curcumin 
Nanodelivery Systems for Improving In Vivo 
Pharmacokinetics and Anticancer Pharmacodynamics,” 
Mol. Pharm., vol. 19, no. 9, pp. 3057–3074, 2022, doi: 
10.1021/acs.molpharmaceut.2c00455. 

[16] K. E. Wong, S. Ngai, K.-G. Chan, L. Lee, B. Goh, and L. 
Chuah, “Curcumin Nanoformulations for Colorectal 
Cancer: A Review,” Front. Pharmacol., vol. 10, 2019, doi: 
10.3389/fphar.2019.00152. 

[17] V. Ipar, A. Dsouza, and P. Devarajan, “Enhancing 
Curcumin Oral Bioavailability Through 
Nanoformulations,” Eur. J. Drug Metab. Pharmacokinet., 
vol. 44, pp. 459–480, 2019, doi: 10.1007/s13318-019-
00545-z. 

[18] H. Wahnou, R. El Kebbaj, B. Liagre, V. Sol, Y. Limami, 
and R. Duval, “Curcumin-Based Nanoparticles: 
Advancements and Challenges in Tumor Therapy,” 
Pharmaceutics, vol. 17, 2025, doi: 
10.3390/pharmaceutics17010114. 

[19] G. M. Pontes-Quero, L. Benito-Garzón, J. P. Cano, M. 
Aguilar, and B. Vázquez-Lasa, “Amphiphilic polymeric 
nanoparticles encapsulating curcumin: Antioxidant, anti-
inflammatory and biocompatibility studies.,” Mater. Sci. 
Eng. C. Mater. Biol. Appl., vol. 121, p. 111793, 2020, doi: 
10.1016/j.msec.2020.111793. 

[20] C. Ban et al., “Enhancing the oral bioavailability of 
curcumin using solid lipid nanoparticles.,” Food Chem., 
vol. 302, p. 125328, 2019, doi: 
10.1016/j.foodchem.2019.125328. 

 
 
 
 



PRF. LALONG/ASIAN JOURNAL OF APPLIED RESEARCH FOR COMMUNITY DEVELOPMENT AND EMPOWERMENT. VOL 9 (2025), NO.3 

https://doi.org/10.29165/ajarcde.v9i3.861  Lalong et al 415

[21] A. Babaei et al., “Development and Optimization of 
Curcumin-Loaded Solid Lipid Nanoparticles Using Box-
Behnken Design and Evaluation of Its Efficacy in 
Modulating Morphine-Induced Conditioned Place 
Preference: In Vivo and In Silico Studies.,” J. Drug Target., 
pp. 1–29, 2025, doi: 10.1080/1061186x.2025.2468758. 

[22] S. Sharma, U. Lal, and T. Bal, “pH-sensitive polymeric 
micelles of polyvinyl acetate grafted neem gum 
amphiphilic graft copolymer for curcumin delivery.,” Int. J. 
Biol. Macromol., vol. 303, p. 140574, 2025, doi: 
10.1016/j.ijbiomac.2025.140574. 

[23] B. Zheng, S. Peng, X. Zhang, and D. Mcclements, “Impact 
of Delivery System Type on Curcumin Bioaccessibility: 
Comparison of Curcumin-Loaded Nanoemulsions with 
Commercial Curcumin Supplements.,” J. Agric. Food 
Chem., vol. 66 41, pp. 10816–10826, 2018, doi: 
10.1021/acs.jafc.8b03174. 

[24] M. Ciuca and R. Racovita, “Curcumin: Overview of 
Extraction Methods, Health Benefits, and Encapsulation 
and Delivery Using Microemulsions and Nanoemulsions,” 
Int. J. Mol. Sci., vol. 24, 2023, doi: 10.3390/ijms24108874. 

[25] Y. Chen et al., “Cyclodextrin-based metal-organic 
framework nanoparticles as superior carriers for curcumin: 
Study of encapsulation mechanism, solubility, release 
kinetics, and antioxidative stability.,” Food Chem., vol. 
383, p. 132605, 2022, doi: 
10.1016/j.foodchem.2022.132605. 

[26] S. Fiani, F. Maestrelli, L. Micheli, M. Cirri, N. Mennini, 
and P. Mura, “Curcumin’s niosomes coated with chitosan 
for the treatment of osteoarthritis: effect of cyclodextrin 
complexation.,” Int. J. Pharm., p. 125933, 2025, doi: 
10.1016/j.ijpharm.2025.125933. 

[27] A. A. Targhi et al., “Synergistic effect of curcumin-Cu and 
curcumin-Ag nanoparticle loaded niosome: Enhanced 
antibacterial and anti-biofilm activities.,” Bioorg. Chem., 
vol. 115, p. 105116, 2021, doi: 
10.1016/j.bioorg.2021.105116. 

[28] M. S. Razavi, P. Ebrahimnejad, Y. Fatahi, A. D’emanuele, 
and R. Dinarvand, “Recent Developments of 
Nanostructures for the Ocular Delivery of Natural 
Compounds,” Front. Chem., vol. 10, 2022, doi: 
10.3389/fchem.2022.850757. 

[29] H. Ji, J. Tang, M. Li, J. Ren, N. Zheng, and L. Wu, 
“Curcumin-loaded solid lipid nanoparticles with Brij78 and 
TPGS improved in vivo oral bioavailability and in situ 
intestinal absorption of curcumin,” Drug Deliv., vol. 23, pp. 
459–470, 2016, doi: 10.3109/10717544.2014.918677. 

[30] T. Gupta, J. Singh, S. Kaur, S. Sandhu, G. Singh, and I. 
Kaur, “Enhancing Bioavailability and Stability of 
Curcumin Using Solid Lipid Nanoparticles (CLEN): A 
Covenant for Its Effectiveness,” Front. Bioeng. 
Biotechnol., vol. 8, 2020, doi: 10.3389/fbioe.2020.00879. 

[31] A. Brotons-Canto, C. González-Navarro, A. Gil, E. Asín-
Prieto, M. Saiz, and J. M. Llabrés, “Zein Nanoparticles 
Improve the Oral Bioavailability of Curcumin in Wistar 
Rats,” Pharmaceutics, vol. 13, 2021, doi: 
10.3390/pharmaceutics13030361. 

[32] S. Peng, Z.-L. Li, L. Zou, W. Liu, C.-M. Liu, and D. 
Mcclements, “Improving curcumin solubility and 
bioavailability by encapsulation in saponin-coated 
curcumin nanoparticles prepared using a simple pH-driven 
loading method.,” Food Funct., vol. 9 3, pp. 1829–1839, 
2018, doi: 10.1039/c7fo01814b. 

[33] R. Tabanelli, S. Brogi, and V. Calderone, “Improving 
Curcumin Bioavailability: Current Strategies and Future 
Perspectives,” Pharmaceutics, vol. 13, 2021, doi: 
10.3390/pharmaceutics13101715. 

[34] J. Shaikh, D. Ankola, V. Beniwal, D. Singh, and M. Kumar, 
“Nanoparticle encapsulation improves oral bioavailability 
of curcumin by at least 9-fold when compared to curcumin 

administered with piperine as absorption enhancer.,” Eur. 
J. Pharm. Sci., vol. 37 3–4, pp. 223–230, 2009, doi: 
10.1016/j.ejps.2009.02.019. 

[35] T. Kanwal et al., “Design of absorption enhancer 
containing self-nanoemulsifying drug delivery system 
(SNEDDS) for curcumin improved anti-cancer activity and 
oral bioavailability,” J. Mol. Liq., p. 114774, 2020, doi: 
10.1016/j.molliq.2020.114774. 

[36] C. Bertoncini-Silva, A. Vlad, R. Ricciarelli, P. G. Fassini, 
V. Suen, and J. Zingg, “Enhancing the Bioavailability and 
Bioactivity of Curcumin for Disease Prevention and 
Treatment,” Antioxidants, vol. 13, 2024, doi: 
10.3390/antiox13030331. 

[37] H. Nsairat, D. Khater, U. Sayed, F. Odeh, A. Al, and W. 
Alshaer, “Heliyon Liposomes : structure , composition , 
types , and clinical applications ☆,” HLY, vol. 8, no. 5, p. 
e09394, 2022, doi: 10.1016/j.heliyon.2022.e09394. 

[38] E. Namiot, A. Sokolov, V. Chubarev, V. Tarasov, and H. 
Schiöth, “Nanoparticles in Clinical Trials: Analysis of 
Clinical Trials, FDA Approvals and Use for COVID-19 
Vaccines,” Int. J. Mol. Sci., vol. 24, 2023, doi: 
10.3390/ijms24010787. 

[39] H. Nsairat, D. Khater, U. Sayed, F. Odeh, A. Bawab, and 
W. Alshaer, “Liposomes: structure, composition, types, and 
clinical applications,” Heliyon, vol. 8, 2022, doi: 
10.1016/j.heliyon.2022.e09394. 

[40] M. Mehta, T. A. Bui, X. Yang, Y. Aksoy, E. Goldys, and 
W. Deng, “Lipid-Based Nanoparticles for Drug/Gene 
Delivery: An Overview of the Production Techniques and 
Difficulties Encountered in Their Industrial Development,” 
ACS Mater. Au, vol. 3, pp. 600–619, 2023, doi: 
10.1021/acsmaterialsau.3c00032. 

[41] A. Mohanty, S. Uthaman, and I. Park, “Utilization of 
Polymer-Lipid Hybrid Nanoparticles for Targeted Anti-
Cancer Therapy,” Molecules, vol. 25, 2020, doi: 
10.3390/molecules25194377. 

[42] Y. Seo et al., “Recent Progress of Lipid Nanoparticles-
Based Lipophilic Drug Delivery: Focus on Surface 
Modifications,” Pharmaceutics, vol. 15, 2023, doi: 
10.3390/pharmaceutics15030772. 

[43] D. Sivadasan, M. Sultan, O. Madkhali, Y. Almoshari, and 
N. Thangavel, “Polymeric Lipid Hybrid Nanoparticles 
(PLNs) as Emerging Drug Delivery Platform—A 
Comprehensive Review of Their Properties, Preparation 
Methods, and Therapeutic Applications,” Pharmaceutics, 
vol. 13, 2021, doi: 10.3390/pharmaceutics13081291. 

[44] M. Rakotoarisoa, B. Angelov, V. Garamus, and A. 
Angelova, “Curcumin- and Fish Oil-Loaded Spongosome 
and Cubosome Nanoparticles with Neuroprotective 
Potential against H2O2-Induced Oxidative Stress in 
Differentiated Human SH-SY5Y Cells,” ACS Omega, 
2019, doi: 10.1021/acsomega.8b03101. 

[45] A. Ombredane et al., “In Vivo Efficacy and Toxicity of 
Curcumin Nanoparticles in Breast Cancer Treatment: A 
Systematic Review,” Front. Oncol., vol. 11, 2021, doi: 
10.3389/fonc.2021.612903. 

[46] O. Oyeyemi et al., “Curcumin-Artesunate Based Polymeric 
Nanoparticle; Antiplasmodial and Toxicological 
Evaluation in Murine Model,” Front. Pharmacol., vol. 9, 
2018, doi: 10.3389/fphar.2018.00562. 

[47] P. Dandekar, R. Dhumal, R. Jain, D. Tiwari, G. Vanage, 
and V. Patravale, “Toxicological evaluation of pH-sensitive 
nanoparticles of curcumin: acute, sub-acute and 
genotoxicity studies.,” Food Chem. Toxicol., vol. 48 8–9, 
pp. 2073–2089, 2010, doi: 10.1016/j.fct.2010.05.008. 

[48] A. Luss et al., “Toxicity Evaluation and Controlled-Release 
of Curcumin-Loaded Amphiphilic Poly-N-
vinylpyrrolidone Nanoparticles: In Vitro and In Vivo 
Models,” Pharmaceutics, vol. 16, 2023, doi: 
10.3390/pharmaceutics16010008. 



P.R.F. LALONG/ASIAN JOURNAL OF APPLIED RESEARCH FOR COMMUNITY DEVELOPMENT AND EMPOWERMENT. VOL 9 (2025), NO.3 
  

Lalong et al.  https://doi.org/10.29165/ajarcde.v9i3.861 416

[49] Z. Busari et al., “Antiplasmodial Activity and 
Toxicological Assessment of Curcumin PLGA-
Encapsulated Nanoparticles,” Front. Pharmacol., vol. 8, 
2017, doi: 10.3389/fphar.2017.00622. 

[50] F. Sha’at et al., “Fabrication and Evaluation of 
Polyhydroxyalkanoate-Based Nanoparticles for Curcumin 
Delivery in Biomedical Applications,” Molecules, vol. 30, 
2025, doi: 10.3390/molecules30061216. 

[51] N. Ibrahim, H. Shawky, A. Maghraby, and E. Farrag, 
“Insights into the Pharmacokinetics, Biodistribution, and 
Oral Toxicity of a Polymeric Benzimidazole - Curcumin 
Nanocomplex with a Multitarget Anticancer Potential.,” 
Food Chem. Toxicol., p. 115483, 2025, doi: 
10.1016/j.fct.2025.115483. 

[52] Y.-S. Liu et al., “Dual Drug-Loaded Nanoliposomes 
Encapsulating Curcumin and 5-Fluorouracil with 
Advanced Medicinal Applications: Self-Monitoring and 
Antitumor Therapy,” Molecules, vol. 28, 2023, doi: 
10.3390/molecules28114353. 

[53] J.-W. Song, Y.-S. Liu, Y. Guo, Y.-P. Guo, and L. Guo, 
“Nano–Liposomes Double Loaded with Curcumin and 
Tetrandrine: Preparation, Characterization, Hepatotoxicity 
and Anti–Tumor Effects,” Int. J. Mol. Sci., vol. 23, 2022, 
doi: 10.3390/ijms23126858. 

[54] S. N. S. Abdullah, K. Subramaniam, Z. H. M. Zamani, S. 
Sarchio, F. M. Yasin, and S. Shamsi, “Biocompatibility 
Study of Curcumin-Loaded Pluronic F127 
Nanoformulation (NanoCUR) against the Embryonic 
Development of Zebrafish (Danio rerio),” Molecules, vol. 
27, 2022, doi: 10.3390/molecules27144493. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[55] Xuan-Hai et al., “Differential Cytotoxicity of Curcumin-
Loaded Micelles on Human Tumor and Stromal Cells,” Int. 
J. Mol. Sci., vol. 23, 2022, doi: 10.3390/ijms232012362. 

[56] S. Guerrero et al., “Curcumin-loaded nanoemulsion: a new 
safe and effective formulation to prevent tumor reincidence 
and metastasis.,” Nanoscale, vol. 10 47, pp. 22612–22622, 
2018, doi: 10.1039/c8nr06173d. 

[57] N. Elbialy, S. Aboushoushah, and W. Alshammari, “Long-
term biodistribution and toxicity of curcumin capped iron 
oxide nanoparticles after single-dose administration in 
mice.,” Life Sci., vol. 230, pp. 76–83, 2019, doi: 
10.1016/j.lfs.2019.05.048. 

[58] S. H. Ghoran, A. Calcaterra, M. Abbasi, F. Taktaz, K. 
Nieselt, and E. Babaei, “Curcumin-Based 
Nanoformulations: A Promising Adjuvant towards Cancer 
Treatment,” Molecules, vol. 27, 2022, doi: 
10.3390/molecules27165236. 

[59] H. Sun et al., “Modulation of Macrophages Using 
Nanoformulations with Curcumin to Treat Inflammatory 
Diseases: A Concise Review,” Pharmaceutics, vol. 14, 
2022, doi: 10.3390/pharmaceutics14102239. 

[60] M. Boroughani et al., “Nanocurcumin in cancer treatment: 
a comprehensive systematic review,” Discov. Oncol., vol. 
15, 2024, doi: 10.1007/s12672-024-01272-x. 

[61] H. Amekyeh, E. Alkhader, R. Sabra, and N. Billa, 
“Prospects of Curcumin Nanoformulations in Cancer 
Management,” Molecules, vol. 27, 2022, doi: 
10.3390/molecules27020361. 

 
 


