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Abstract:

The major polyphenolic compound of turmeric, curcumin, has a wide range of ther-
apeutic properties, such as anticancer as well as neuroprotective, mainly by controlling 
major signaling systems. Nevertheless, its clinical translation is still poor, because its 
oral bioavailability is incredibly low, caused by poor aqueous solubility, rapid metab-
olism and rapid systemic clearance. This review brings out recent progress in nano-
technology-based delivery systems aimed to overcome these pharmacokinetic barri-
ers. Special attention is given to polymeric nanoparticles and micelles to improve the 
solubility and cellular intake and the next generation liposomal platforms to enhance 
stability, allow a longer period of circulation, and promote controlled and site-specific 
delivery. The recent studies evidence shows the ability of these nanocarriers to enhance 
pharmacokinetic profile and in vivo therapeutic effect of curcumin significantly. Tak-
en together, these developments make nanocarrier-based solutions one of the hopeful 
methods of converting curcumin into a promising therapeutic agent and out of a potent 
in vitro molecule.

Key Words: Curcumin, Bioavailability, Nanotechnology, Drug Delivery, Lipo-
somes, Polymeric Nanoparticles.

الكركمين في العالم العلاجي الحديث
ســندس حميدأحمــد   //    الجامعــة المســتنصرية / كليــة العلــوم- قســم علــوم الحيــاة

مستخلص:

ــل  ــة، مث ــص العلاجي ــن الخصائ ــعة م ــة واس ــك مجموع ــن، يمتل ــم، الكركم ــي في الكرك ــولي الرئي ــب الفين المرك
مضــادات السرطــان وكذلــك الحمايــة العصبيــة، principalmente مــن خــال التحكــم في أنظمــة الإشــارات الرئيســية. 
ومــع ذلــك، لا يــزال تطبيقــه السريــري محــدودًا، due إلى انخفــاض توافــره الحيــوي الفمــوي بشــكل كبــر، الناجــم عــن 

ضع�ـف ذوبان�ـه في الم�ـاء، التمثي�ـل الغذائ�ـي السري�ـع والإخ�ـراج الجه�ـازي السري�ـع.
تس�ـتعرض ه�ـذه المقال�ـة التق�ـدم الحدي�ـث في أنظم�ـة التوصي�ـل القائم�ـة عىل تقني�ـة النان�ـو الت�ـي ته�ـدف إلى التغل�ـب على 
these الحواجــز الدوائيــة الديناميكيــة. يتــم إيــاء اهتــام خــاص للجســيمات النانويــة البوليمريــة والمذيــات لتحســن 
الذوبــان والامتصــاص الخلــوي، ومنصــات الجســيمات الشــحمية مــن الجيــل التــالي لتعزيــز الاســتقرار، وإطالــة فــرة 

ال�ـدوران، وتعزي�ـز التوصي�ـل المتحك�ـم في�ـه والمح�ـدد الموق�ـع.
ــي  ــي الديناميك ــف الدوائ ــز المل ــى تعزي ــة ع ــل النانوي �ـدرة these الحوام �ـة ق �ـات الحديث �ـن الدراس �ـة م �ـر الأدل تظه
ــورات  �ـل these التط والتأثي�ر العلاج��ي داخ��ل الكائ��ن الح��ي للكركمي�ن بش��كل ملح��وظ. taken together، تجع
الحل�ـول القائم�ـة عىل الحوام�ـل النانوي�ـة one مــن الطــرق الواعــدة لتحويــل الكركمــن إلى عامــل علاجــي فعــال مــن 

بـر. �ـال في المخت �ـزيء فع ج
الكلــات المفتاحيــة: كركمــن، توافــر حيــوي، تكنولوجيــا النانــو، توصيــل الأدويــة، جســيمات شــحمية، جســيمات 

بوليمري�ـة نانوي�ـة.
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Introduction :
In this regard [1], the modern world 

views the great transformation in the 
context of integrative medicine and 
natural form of therapy. One of the 
most researching natural substances 
is curcumin [2]. It is not the extract 
of the rhizomes of the turmeric plant 
(Curcuma longa L.) itself, the pigment 
that is responsible in giving the spice 
its characteristic yellow colour but a 
latent treasure trove of pharmacy that 
has long been used in the traditional 
medical systems, namely in Ayurveda 
and Traditional Chinese Medicine [3].

Even with this excellent pharmaco-
logical profile, the therapeutic efficacy 
of curcumin is highly curtailed by its 
very low oral bioavailability [4]. The 
poor aqueous solubility, high rate of 
hepatic and intestinal metabolism, and 
low absorption among others are some 
of the factors that have been attribut-
ed to this fact [5]. These issues have 
led to a massive research to come up 
with new strategies that could be used 
to improve its delivery and effective-
ness [6]. One of the outstanding devel-
opments is the thermo-nanoparticles 

liposom micelle and other novel com-
plexes, e.g., curcumin- phosphatidyl-
choline (phytosomes) that has demon-
strated remarkable increases in plasma 
curcumin levels [7]. New technologies 
like biopolymeric nanoparticles and 
exosomal carriers are another addition 
to the arsenal of successful curcumin 
delivery [8].

The present review, thus, seeks to 
offer the relevant and updated anal-
ysis of curcumin studies, which have 
appeared between 2020 and 2024 [9]. 
It sheds light on the molecular path-
ways that give rise to its biological ef-
fects, its multidrug potential and the 
new technological measures that are 
aimed at conquering its bioavailabili-
ty constraints [10]. These discoveries 
provide new opportunities of convert-
ing this ancient natural compound to 
modern, effective, and clinically useful 
therapeutic agent [11].

Problem and Solutions: Biological 
issues and contemporary methods 
of getting over them --- The case of 
Curcumin.

Despite the high potential and high 
potential effect of curcumin, as being 
exhibited in the preclinical trial (in-vi-
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tro and animal model), the most chal-
lenging issue in the application of cur-
cumin in clinical practice and to attain 
the health effect of curcumin in human 
beings is the very low bioavailability 
of curcumin [12]. To define biological 
challenges and innovative strategies 
generated to combat the challenges, 
the following way might be used [13]:

One: biological Macro-challenges.
Absence of Aqueous Solubility: 

Curcumin is nearly insoluble in aque-
ous surrounding in the gastrointestinal 
tract which severely limits its dissolu-
tion and subsequent intake [14].

Ineffective Absorption: Curcum-
in does not get efficiently absorbed 
through the intestinal epithelial cells 
because its molecular size is relative-
ly high, as well as is also hydrophobic 
[15].

Quick Metabolism: The curcumin 
is quickly and intensively metabolized 
in the liver (Phase II metabolism), in-
testinal wall where the curcumin is 
conjugated to curcumin glucuronide 
and curcumin sulfate [16]. Even the 
metabolites, in their turn, are far less 
biological in their activity compared 
to the parent compound [17]. Rapid 

Systemic Excretion: The body releas-
es the bile and the metabolites rapid-
ly within a very short duration of time 
leading to decrease in plasma half-life 
and increase of retention of the com-
pound in the tissues within short period 
of time [18]. Stability Chemical Cur-
cumin is highly unstable to alkaline 
environment (pH 7.0 or more) such as 
the small intestine and therefore rapid-
ly decomposes to inactive compounds, 
such as ferulic acid and vanillin [19].

Second: Fresh Energizes to strug-
gle against the Obstacles (Better De-
livery Technologies)

In order to eradicate these issues, 
the present-day study (2020-2024) was 
planned on the basis of developing 
new delivery systems that will raise 
the level of the delivery pathway sta-
bility of curcumin into the organism 
and its protection [20]. Recent reviews 
have also summed up these more so-
phisticated delivery strategies and their 
effects on bioavailability and efficacy 
at length [21].
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Polymeric Micelles and Nanopar-
ticles: Micro view of Nano-Delivery 
Systems of Curcumin.

This form of systems is paradigm 
shift of delivery of such hard molecule 
as curcumin [22]. They are artificially 
produced nano-sized (typically 10- 200 
nanometers) artificial products, which 
strive to address the inherent draw-
backs of native curcumin [23].

1.1 Polymeric Micelles
Polymeric micelles refer to amphi-

philic block copolymer formed nano-
structure and that has a spherical shape 
[24]. These types of polymers have a 
characteristic hydrophobic (water-re-
pulsive) and hydrophilic (water-attrac-
tive) part [25]. These polymers to be 
dissolved in water i.e. in the body flu-
ids form a core-shell structure sponta-
neously [26]:

Hydrophobic Core: The hydropho-
bic part is agglomerated in the middle 
with a perfect pore to entrap and hold 
hydrophobic curcumin molecules [27].

Hydrophilic Shell(Corona): The 
outermost shell is made up of the seg-
ments that are water-loving followed 
by the fact that the entire micelle be-
comes soluble and stable in the blood 

[28]. It is also a shell that does not want 
to be recognized and destroyed rapidly 
by the immune system of the body, the 
so-called Stealth Effect, and such poly-
mers as polyethylene glycol (PEG) 
usually help in it [29].

1.2 Mechanism of Action:
Solubilization: The concept behind 

this process is that it stabilizes curcum-
in, which is deposited to the hydropho-
bic core of the micelle and, therefore, 
the solubility of the hitherto insoluble 
compound in water is multiplied sev-
eral times [30].

Protection: The curcumin is put 
around the core to prevent premature 
decadence in extreme alkalinity of the 
intestines [31].

Heightened Absorption: Mucus cov-
ering and the intestinal lining permit 
more correspondence and augmented 
absorption in the shell of the cells be-
cause it is small and hydrophilic [32]. 
This can be via the absorption of intact 
micelles into one of the enterocytes, 
or M- cells of the Peyer passages of 
the gut-associated lymphoid tissue 
(GALT) [33] Fig(1): 

Passive Targeting due to the small 
size of the nanoscale, micelles can spe-
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cifically target inflamed tissue or tumor 
via the Enhanced Permeability and 
Retention (EPR) effect in which the 

permeability of an extravasating and 
retaining inflamed tissue or tumor can 
allow extravasation and retention [34].

2- Polymeric Nanoparticles
Polymeric Nanoparticles are sol-

id colloidal particles on which the 
curcumin is suspended, encapsulated 
or chemically bonded [35]. They are 
largely manufactured on using bio-
degradable/biocompatible polymers, 
Poly(lactic-co-glycolic acid) (PLGA) 
is the most studied and authorized by 
FDA [36].

There are two main types:
Nanospheres Curcumin: is uni-

formly dispersed on the polymer [37].

Nanocapsules: In this case the Cur-
cumin is encircled in a liquid core (fre-
quently an oil) and enclosed by a solid 
polymer shell [38].

2.1 Mechanism of Action:
High Payload and Sustained Re-

lease: Nanoparticles are able to deliver 
high concentration of curcumin [39]. 
Polymer matrix is viewed as a system 
whose structure holds curcumin inside 
the structure and prevents its diffusion 
out of the structure throughout a long 
period (days and even weeks) of time 

Fig(1): Polymeric Micelles
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through diffusion and gradual degra-
dation of the polymer [40]. This will 
accommodate the problems of prompt 
eviction [41].

Cellular Uptake: Nanoparticles 
can readily find their way into the cell 
via endocytosis, a mechanism of cell 
delivery whereby the cargo is directly 
transported to the cell without neces-
sarily using the cell surface P-gp efflux 
pumps [42].

Greater Physical and Chemical Sta-
bility: The solid matrix enhances phys-
ical and chemical stability of curcumin 
in it to that of the micelles [43].

Targeting Ability: Nanoparticles 
may be actively targeted (functional-
ized on the surface with targeting li-
gands such as folic acid expressed in 
the cancer cells, antibodies, peptides 
etc) to an area of interest of interest 
in the disease and minimise off-target 
effects [44]. Solid lipid nanoparticles 
(SLNs) are a potential subgroup of lip-
id-based polymeric systems, which im-
prove physical stability and drug load-
ing [45].

3- Liposomes Advanced 
Delivery Systems of Curcumin.
Liposomes form part of high-tech-

nology Multifunctional nanocarriers 
that have since become one of the most 
promising to overcome the significant 
bioavailability issues of curcumin [46]. 
They are designed on the particular 
constituents of biologic membranes 
therefore, they are very unique in drug 
delivery [47]. Recent researches are 
still working on improving their com-
position to be used in specific therapy 
[48].

3.1- The descriptive Structure and 
Composition.

Liposomes: These are self-forming, 
spherical vesicles, the characteristics 
of which consist of a phospholipid bi-
layer or a network of several phospho-
lipid bilayers, as well as an aqueous 
core [49].

Phospholipid Bilayer: The structure 
of Membrane consists of amphiphilic 
phospholipids (e.g. phosphatidylcho-
line), a hydrophilic head group and 
tails that is composed of hydrophobic 
fatty acids [50]. These molecules will 
automatically fold within an aqueous 
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solution in a bid to safeguard the hy-
drophobic tails of the molecules in an 
effort to shield themselves around wa-
ter as well as form a closed structure in 
a bilayer structure.

Aqueous Interior: This is what is 
of the liposome, which is filled with 
water [52].

3.2 Key Components:
Cholesterol: it is a vital additive that 

should be added to the lipid bi-layer 
[53]. It makes the membrane become 
bulkier to enhance the stability and re-
moves the fluidity of the drug that is 
being encapsulated in the membrane 
and also removes the leakage of the 
drug [54]. It also leads to the rigidity of 
the liposome and this helps in the sur-
vival of the undesirable environment 
at the gastrointestinal tract [55].  The 
above may be reduced to a water solu-
ble(hydrophilic) and fat soluble(hydro-
phobic) molecule to aqueous core and 
lipid bi-layer respectively [56].

Mechanism of Action: Liposomes 
may work by augmenting the trans-
portation of Curcumin.

Solubilization and Protection: Cur-
cumin is extremely hydrophobic, 
hence, it is absorbed to the hydropho-

bic segment of the lipid bi-layer read-
ily [57]. This essentially renders the 
substance soluble in aqueous solution 
as well as averts its degradation in the 
alkaline PH in the intestine and meta-
bolic enzymes [58].

Enhanced Cellular Absorption and 
Uptake: Liposomes enhance the ab-
sorption of curcumin in several ways 
[59]:

Fusion and Endocytosis: Fusion or 
Endocytosis may take place between 
the lipid based cell membrane of en-
terocytes (intestinal absorptive cells) 
to the liposomes or ingesting the li-
posomes intactly [60]. It is the direct 
delivery that circumvents a segment 
of the mechanism that prevents the ab-
sorption of free curcumin [61].

Lipidic Transport: Due to lipid 
structural composition, liposomes can 
enter into the lymphatic system where 
they escape the initial metabolism in 
the liver to some extent [62]. The con-
sequence will be an increased amount 
of intact curcumin into the blood [63].

Sustained and Controlled Release: 
Liposome-based release of curcumin 
does not take place instantly [64]. It 
is a systematic procedure and this is 
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founded on:
3.3 Diffusion: between bi-layer of 

lipids.
Liposome Degradation: Myeloid 

destruction of the phospholipid mem-
brane by enzyme (lipases) and degra-
dation of the elements of the biological 
fluids [65]. Bilayer Composition: The 
fatty acids and cholesterol level to be 
used are to be optimised to reach the 
required bilayer fluidity and stability 
consequently determined the release 
rate and provided sustained release 
profile [66].

Passive and Active Targeting: The li-
posomes can be concentrated in the in-
flamed or cancerous cells as it has been 
observed in other nanoparticles by the 
Enhanced Permeability and Retention 
(EPR) effect [67]. Further, functional-
ization of the target cell surface with 
targeting ligands (anti bodies, peptides, 
folic acid), can be actively targeted to 
the target cells to become effective and 
minimises off-target responses [68].

4-PEGylated Liposomes 
(Stealth Liposomes).

Principle:These liposomes are coat-
ed with a synthetic polymer, which is 

Polyethylene Glycol (PEG) layer [69]. 
This process is known as PEGylation 
since a neutral cloud and hydrophilic 
one is formed on the surface of lipo-
somes [70].

4.1 Mechanism and Benefits:
Less Opsonization and RES Clear-

ance: PEG layer develops steric shield 
to decrease the binding of plasma pro-
teins (opsonins) which would other-
wise label liposome to be taken up by 
the Mononuclear Phagocyte System 
(MPS) the primary localization site of 
the immune system which occurs in 
most body areas, but is mainly in the 
liver and the spleen [71].

The reason behind the use of PE-
gylated liposomes of long circulation 
time is due to the fact that they are not 
degraded in blood too soon and results 
in a greatly increased half life [72]. Un-
der this capability, it is possible to fo-
cus the ability to focus at higher levels 
at the focal point (e.g. a tumour) under 
the so called Enhanced Permeability 
and Retention (EPR) effect [73].

PEGylation to enhance Stability: 
PEGylation enhances the physical sta-
bility of liposomes as the aggregation 
is prevented during the storage and in 
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the bloodstream [74].
Implication to Curcumin: This is 

due to the fact that the Stealth property 
implies that a significantly higher per-
centage of the dosed curcumin gets to 
the diseased tissue and not to the liver 
[75].

4.2. Ligand-Targeted Liposomes
Principle: These are targeting lipo-

somes whereby the targeting ligands 
are covalently conjugated to the lipo-
some-surface (in PEGylated liposomes 
the ligands are generally conjugated to 
the far end of PEG chains) [76].

4.3 Mechanism and Benefits:
Specific Cell Recognition: The li-

gands are chosen due to their strong 
binding to surpass receptors on the tar-
get cell surface that are overexpressed 
(e.g., cancer cells, inflamed endothelial 
cells) [77].

Receptor-Mediated Endocytosis: 
once the target receptor has been bound 
to, the liposome is effectively endocy-
tosed by the cell and its contents of 
curcumin are then directly released 
into the cytoplasm [78]. It circumvent-
ed efflux pumps, and provided elevated 
concentrations of intracellular concen-
trations [79].

The following evidence was used 
to show the presence of Targeting Li-
gands of Curcumin:

Folic Acid: Binds to folate receptor, 
which is over expressed in almost all 
the malignant diseases (e.g., ovarian, 
breast, lung) [80].

Transferrin: Binds to transferrin re-
ceptor that is over expressed in devel-
oping cells like cancerous cells due to 
the increased iron needs [81].

Peptides and Antibodies: There is 
the opportunity to specifically target 
it with peptides (e.g. RGD peptides to 
target integrin on the angiogenic ves-
sels) or monoclonal antibodies [82].

Implication on Curcumin: Active 
targeting bestows a high degree of 
site-specificity of curcumin that aug-
ment its anti-inflammatory and cancer 
activities on the target site, and it cir-
cumvents the healthy cells and this will 
lead to minimum side effects [83].4.4. 
Smart Liposomes- Liposomes with 
Stimulus Adaptation.

Idea: These liposomes shall be sta-
ble during circulation but change their 
structure and de-load a cargo (curcum-
in) in a speedy sequence upon encoun-
tering a certain trigger at the destina-
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tion of the disease [84]. Recent designs 
incorporate dual-responsive systems 
for more precise release [85].

4.5 Types and Mechanisms:
Trigger Microenvironment some-

what acidic (pH 6.5 -6.8) of tumors or 
even more acidic (pH 5.0 -5.5) of en-
dosomes/lysosomes within cells [86].

Mechanism Add a pH-sensitive lip-
id (e.g., DOPE) or a polymer which re-
mains stable in physiological pH (7.4) 
and which becomes destabilized, fuses 
or ruptures under acidic conditions to 
release curcumin to the point of need 
[87]. Such systems have shown prom-
ise in targeted anti-inflammatory and 
anticancer applications [88].

4.6 Enzyme-Sensitive Liposomes:
Stimulus: The increase of enzymes 

on a portion of the disease e.g. matrix 
metalloproteinases (MMPs) in cancer, 
phospholipases in inflammatory sites 
[89].

PEG conjugation with lipids is based 
on mechanism PEG which involves the 
use of peptide sequences that are cleav-
able by enzymes [90]. When it gets in 
touch with a specific enzyme, the PEG 
shield is removed, destabilising the 
liposome or revealing otherwise con-

cealed targeting ligand [91].
4.7 Thermosensitive Liposomes:
Trigger: local low degree (external, 

e.g. 40-42degC) local hyperthermia of 
a tumor site [92].

Mechanism: Liquid-gel transition 
temperature is a specified temperature 
that is composed of lipids [93]. They 
are fixed in the body temperature and 
when exposed to minimal heating, 
through slight exposure, the bilayer 
leaks thus releasing the localized cur-
cumin [94].

Table (1) Advanced designs not ex-
haustive Advanced designs are nor-
mally combined-e.g. to compose a 
PEGylated pH-sensitive, liposome 
functionalized with folic acid- to in-
corporate a multi-functional nanocar-
rier that can be circulated, tumor tar-
geted and then effectively internalized 
by cancerous cells and after which re-
leases its curcumin-cargo into the cell 
in response to the acid environment of 
the endosome [95].
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Table (1) :
show

s the st
ate of art of delivery of curcum

in.

D
esign

K
ey Feature

M
echanism

 of O
peration

B
enefit for C

urcum
in D

elivery

PEG
ylated (Stealth)

C
oating w

ith 
Polyethylene G

lycol 
(PEG

) polym
er

C
reates a steric shield that avoids 

detection by the im
m

une system
 (reduced 

opsonization), prolonging circulation tim
e. 

Leverages the Enhanced Perm
eability and 

R
etention (EPR

) effect for passive tum
or 

targeting.

Increases blood circulation 
half-life, allow

ing greater 
accum

ulation in target 
tissues like tum

ors.

Ligand-Targeted

Surface 
functionalization w

ith 
targeting ligands 
(e.g., folic acid, 

antibodies)

B
inds specifically to overexpressed 

receptors on target cells (e.g., cancer cells), 
facilitating receptor-m

ediated endocytosis.

Enhances cellular uptake 
in specific cells, increases 
therapeutic specificity, and 
reduces off-target effects.

Stim
ulus-R

esponsive
Incorporation of 

environm
ent-sensitive 

lipids or polym
ers

R
eleases the encapsulated drug in response 

to specific internal triggers (e.g., low
 pH

 in 
tum

ors, elevated enzym
e levels).

Provides spatiotem
poral 

control over release, 
m

axim
izing the local dose 

at the disease site and 
im

proving therapeutic effi
cacy.
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Conclusions
To sum up, it could be said that the 

use of curcumin is a very promising 
natural product that has a strong ther-
apeutic effect in a broad range of dif-
ferent diseases due to its multi-target-
ed molecular effects [96]. It however 
has a critical clinical translation issue, 
i.e. there is a latent pharmacokinetic 
challenge of low bioavailability [97]. 
Innovation of advanced nano-deliv-
ery plans especially the high-order 
delivery systems such as ligand-tar-
geted liposomes and stimuli sensitive 
liposomes and polymeric nanoparticles 
have come out as the ultimate solution 
to the dilemma [98]. These technol-
ogies have been handy in enhancing 
the solubility of curcumin, inhibiting 
its degradation, improving its circula-
tion, and directing it to specific tissues 
[99]. The following new modes of de-
livery are thus just around the corner 
of curcumin as a mainstream therapeu-
tic agent [100]. In order to achieve the 
latter to the utmost, the scaling-up of 
the nanocarrier production, the exten-
sive demonstration of their safety, and 
large-scale clinical trials should be tak-

en into consideration in the work of the 
next generation [101]. Furthermore, 
exploring novel applications such as 
antimicrobial and wound healing ther-
apies could broaden its clinical impact 
[102]. The interaction between the 
natural remedy that was present many 
centuries ago and the advanced nano-
technology has resulted in the creation 
of curcumin to transform it to become 
a safe, effective and reliable drug in the 
modern world [103].
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audience. Avoiding literal transla-
tions to keep the meaning intact would 
be crucial here.


