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Abstract

Background: Nanomaterials of curcumin with hyaluronic acid have gained a lot of attention for potential
therapeutic applications of curcumin and hyaluronic acid with or without other additional drugs. Overall studies of
curcumin and hyaluronic acid show that nanomaterials of curcumin with hyaluronic acid accelerate the efficacy of
curcumin in the treatment of various disorders like arthritis, cancer, hepatic fibrosis, neural disorders, wound healing,
and skin regeneration, it is largely due to the combined effect of hyaluronic acid and curcumin. However, due to
limited clinical trials and experiments on humans and animals, there is a substantial gap in research for the safety
and efficacy of nanomaterials of curcumin-hyaluronic acid in the treatment of curcumin and hyaluronic acid
targeted diseases and disorders.

Main body of the abstract: In this current review, we have first described various reported synthetic nanomaterials
of curcumin-hyaluronic acid, then in the next section, we have described various fields, disorders, and diseases
where these are being applied and in the final section of this review, we discussed the research gap, and future
research directions needed to propose the fabricated nanocurcumin-hyaluronic acid biomaterials.

Short conclusion: There are substantial gaps in research for the safety and efficacy of nanomaterials of curcumin
with hyaluronic acid due to limited available data of clinical trials and experiments of nanocurcumin-hyaluronic acid
biomaterials on humans and animals. So, it entirely requires serious and committed efforts through the well-
organized system of practical and clinical trials which provide results, data, and detections that lead to the
formulation of the best drug from curcumin with hyaluronic acid for the treatment of curcumin and hyaluronic acid
targeted diseases and disorders.
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Background
For many centuries and decades, various medicinal plants
have been used for the cure of different diseases and disor-
ders. More than 400 medicinal plants have been used
worldwide to reduce various risk factors associated with
several diseases, like bitter melon (Momocardia charantia)
for diabetes mellitus [1], garlic (Allium sativum)—a mem-
ber of the Liliaceae family, which is one of the most popu-
lar herbs in the treatment of various diseases [2]. Among
these all, medicinal plants, some plants, and their extracts
possess versatile effects on the health of humans and other
animals like curcumin the extract of turmeric (Curcuma
longa L.). Nowadays, curcumin is counted among the
most popular natural drug in the field of herbal medicines
and pharmacology [3]. In recent years, various synthetic
nanomaterials of curcumin with hyaluronic acid with or
without some other additional compounds or drugs have
gained a lot of attention in many fields of medicinal sci-
ence and pharmacology, especially in the treatment of
various disorders like arthritis, cancer, hepatic fibrosis,
neural disorders, wound healing, and skin regeneration. It
is largely due to the presence of medicinal plant extract
curcumin, which possesses excellent anti-cancer, anti-
tumor, anti-inflammation, neurotherapeutic, antibacterial,
and antioxidant properties [4]. The available literature on
nanomaterials of curcumin with hyaluronic acid suggests
that, in these nanopolymer compounds, curcumin has al-
ways the position of the main compound or drug which
plays the central role in the activities of nanomaterials of
curcumin and hyaluronic acid and their various/different
applications. In brief, curcumin is known to be turmeric
plant extract, low molecular weight, and polyphenolic
compound, which is an important bioactive ingredient
found in the rhizomes of turmeric (Curcuma longa) [5].
The curcumin’s IUPAC name is (1E,6E)-1,7-bis(4-hy-

droxy-methoxyphenyl)-1,6- heptadiene-3,5-dione. The
chemical formula of curcumin is C21H20O6 and its
molecular weight is 368.38 g/mol. The structure of cur-
cumin consists of three chemical complexes: two aro-
matic o-methoxy phenolic groups, linked by a seven-
carbon connector comprising a α,β-unsaturated β -dike-
tone moiety as in Fig. 1c [6].

Due to this chemical structure, curcumin has less
aqueous solubility at acidic and neutral pH, but it is
soluble in ketone, alkali, ethanol, methanol, acetic acid,
chloroform, and dimethyl sulfoxide (DMSO) [7]. Current
research data of curcumin shows that it has ameliorative
effects on the various human diseases, including cancer
[8], lung and chronic kidney diseases [9, 10], diabetes
[10], metabolic diseases [11], neurological disorders [12],
liver problems [13], cardiovascular diseases [14], inflam-
matory diseases [15], and digestive disorders [16]. Even,
curcumin also expresses control on particular molecular
signaling pathways at the molecular level. Though, its
effect on several targets in cellular pathways is suggest-
ing it is a pleiotropic agent to control multiple actions
[17]. Some important medical properties of curcumin
are summarized in Fig. 2.
Despite various reported benefits of curcumin, its dir-

ect practical use is limited, due to its multiple factors
and properties, for instance, curcumin has low solubility
in water and physicochemical instability, poor bioactive
absorption, poor bioavailability and pharmacokinetics,
fast metabolization, weak targeting efficacy, and penetra-
tion, sensitivity to alkaline medium, heat, metals, ions,
and light [18]. Therefore, these aforementioned limita-
tions have been resolved by developing nanoformula-
tions approaches like the fabrication of nanocurcumin
biomaterial compounds [19]. Encapsulating curcumin
into nanoformulation has been proved better method-
ology since the last decade, to overcome physiological
barriers to increase efficacy and biological activities of
curcumin in the body, this methodology helps in in-
creasing solubility and bioavailability, retention and cir-
culation of curcumin in the body, and increase
physiochemical stability and pharmacokinetics [19–22].
So far, many researchers are using curcumin integrated into
nanocarriers in nanoformulation-based approaches to de-
veloping better effects of curcumin in both in vitro and
in vivo studies, like micelles, dendrimers, liposomes, conju-
gates, polymers, nanoparticles, and cyclodextrins [23, 24].
These nanoformulations of curcumin show their activ-

ities more effective when nanocurcumin is joined with
natural hydrophilic polymer molecules. In this article,

Fig. 1 a Curcuma longa, b rhizomes of turmeric and curcumin powder, c the chemical structure of curcumin
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we focus on the various available nanoformulations and
their clinical applications of nanocurcumin compound
with hydrophilic polymers the hyaluronic acid, mainly
due to nanoformulated curcumin-hyaluronic acid com-
pounds are proving promising strategy for better drug
solubility and to enhance drug stability of curcumin
when tested practically in various fields [3, 25].
Hyaluronic acid (HA) is a natural polysaccharide, which

contains D-glucuronic acid and N-acetyl-D-glucosamine. It
has received a lot of attention in tissue regeneration appli-
cations [26]. It is naturally found in the extracellular
matrix and possesses viscoelastic properties for bone

joints in synovial fluid and also initiates cell proliferation
where it is required in the body [27]. Further, being a
hydrophilic polymer promotes hydration of skin [28]. It
is worth mentioning that hyaluronic acid has its unique
biocompatible, non-immunogenic, biodegradable, and
non-allergic properties; therefore, it is being used for
the synthesis of various advanced and promising bio-
medical therapeutic applications like nanoparticles [29],
films [30], eye drops [31], nanofibers [32], dermal fillers
[33], and non-adhesive bandage [34]. Hyaluronic acid
powder, chemical structure, nanofibers with PVA, and
eye drops of hyaluronic acid are presented in Fig. 3.

Fig. 2 Schematic diagram representing curcumin’s some important medicinal properties: COX-2, cyclooxygenase-2; LOX, lipoxygenase; NF-kB,
nuclear factor kB; SATA3, signal transducer and activator of transcription 3; α-Synuclein is a presynaptic neuronal protein that is linked genetically
and neuropathologically to Parkinson’s disease; FtsZ, filamenting temperature-sensitive mutant Z; ROS, reaction oxygen species

Fig. 3 (A) Eye drops of hyaluronic acid, (B) hyaluronic acid powder, (C) chemical structure of hyaluronic acid, (D) nanofibers of hyaluronic acid
with PVA
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The current studies of hyaluronic acid suggest that
nanomaterial of hyaluronic acid provides more advan-
tages as compared with other polymers due to par-
ticular properties of hyaluronic acid like high sponge,
specific surface area of fibrous structures, and higher
permeability [35]. Figure 4 elaborates various thera-
peutic effects of hyaluronic acid particularly in osteo-
arthritis background.
Synthetic nanomaterials of curcumin-hyaluronic acid

have been proved through various studies as the poten-
tial synthetic compound that augment the therapeutic
efficacy of curcumin because curcumin alone cannot de-
velop required results, due to its poor bioavailability, low
solubility, rapid metabolism, and quick systemic elimin-
ation. Hence, nanomaterials of curcumin-hyaluronic acid
are widely applying in different biological fields and their
nanoformulation became possible due to advanced bio-
technology and recent progress in synthetic method-
ology [28, 37]. Fabricated nanomaterials of curcumin-
hyaluronic acid and their applications have been ex-
tended clinical in vivo and in vitro studies. Since 2011,
more than 100 publications related to curcumin-
hyaluronic acid nanoparticles are available in the NCBI
PubMed database (hyaluronic acid curcumin - Search
Results - PubMed, 2020-11-12) [38]. Earlier, many re-
searchers worked on the improvement of the bioavail-
ability of curcumin, but later worked on the combined
effect of curcumin and hyaluronic acid targeted diseased
areas. Nanomaterials of curcumin-hyaluronic acid were
encapsulated into various forms like nanomicelles, lipo-
somes, nanogels, gold nanoparticles, pullulan, and cyclo-
dextrin. Throughout all online available paper studies, it
is clear that the fabricated nanomaterials of curcumin-
hyaluronic acid, accelerate the efficacy of curcumin in

their selected targeted areas like the healing of wound
and reduce scar formation [28], treat rheumatoid arth-
ritis [37], treat various cancers more effectively [39].
In this current review, we first describe variously re-

ported nanomaterials of curcumin-hyaluronic acid. In
the next section, we describe the various fields, disor-
ders, and diseases where these are being applied. In the
last section of this review, we elaborate on the present
research gap, and future research directions required to
propose nanocurcumin-hyaluronic acid biochemical
compounds.

Methods for nanoformulation of nanomaterials of
curcumin with hyaluronic acid
There are various forms, methods, and applications of
nanoformulation of curcumin, reported in researches,
like micelles, liposomes, polymers, gold nanoparticles,
magnetic nanoparticles, solid lipid nanoparticles, conju-
gates, cyclodextrins, solid dispersions, nanospheres,
nanogels, and nanodisks, but the known fabricated
nanocurcumin-hyaluronic acid biomaterials are limited
on certain forms; the list of forms is given in Table 1.

Micelle
A micelle or micella is referred to as an aggregate of
amphiphilic surfactant molecules that spontaneously dis-
persed in water producing colloidal suspension [53].
Almost all kinds of micelles in the field of biotechnology
are used to deliver specific poor water-soluble drugs to
targeted regions thus function as taxi cabs. Previous
studies show it has been successfully used for delivering
curcumin to the targeted cells [54].
Likely, Fan et al. constructed a curcumin-hyaluronic

acid (Cur-HA) nanomicelle, which developed

Fig. 4 Schematic diagram representing hyaluronic acid; some important medicinal properties [36]: SOD, superoxide dismutase; GSH, reduced
glutathione; TNF-α, tumor necrosis factor alpha; H.A., hyaluronic acid; PGE2, prostaglandin E2; NO, nitric oxide; MMPs, matrix metalloproteinase;
ADAMT, a disintegrin and metalloproteinase with thrombospondin motifs; COX-2, cyclooxigenase-2
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bioavailability of curcumin and therapeutic potential on
rheumatoid arthritis treatment. They reported,
curcumin-hyaluronic acid nanomicelle presented low
cytotoxicity to the experimental animals, good biocom-
patibility to chondrocytes, excellent anti-inflammatory
results, and decreased cytokines. While hyaluronic acid
presented the main component of the extracellular
matrix by providing lubrication to joints for reducing
friction in joints, thus, effectively protect joints from
damages [37]. In another study, Xi et al. developed
curcumin-loaded micelles by using alendronate-
hyaluronic acid-octadecanoic acid (ALN-HA-C18) as an
amphiphilic material. Their result showed a sustained
mannered release of curcumin from these micelles. The
hydroxyapatite affinity experiment presented that
curcumin-loaded alendronate-hyaluronic acid-
octadecanoic acid micelles exhibited a high affinity to
the bone and higher cytotoxic activity against MG-63
cells compared to free curcumin treatment. They pre-
sented their conclusion that curcumin-loaded ALN-HA-
C18 micelles effectively developed anti-tumor properties

in osteosarcoma bearing mice as compared with free
curcumin [40]. So, these above studies suggest the use of
applications of micelles of curcumin-hyaluronic acid for
the treatment of rheumatoid arthritis and osteosarcoma
bone disorder because of their delivery of curcumin the
hydrophobic anti-cancer drug to targeted cancerous
cells.

Nanoparticles
Another application that is most often is using in ad-
vanced modern biotechnology, medicinal sciences, and
pharmacology for controlled and targeted drug delivery
is the use of nanoparticles [55]. Previously, many re-
searchers have used the formation of nanoparticle for
the therapeutic applications of water-soluble curcumin
in various studies, like solid lipid, gold, magnetic, and
albumin-based nanoparticles. Although polymeric nano-
particles are better among these formations because of
their small size and biocompatibility, polymeric nanopar-
ticles are more than 1000 times smaller as compared to
the average human body cell and have approximately 1-

Table 1 Various forms, methods, and applications of nanoformulation of curcumin with hyaluronic acid

S.
no.

Cur-HA
nanoformulation

Description Used for Outcomes Ref:

1 Micelles A micella or micelle referred as an aggregate of
amphiphilic surfactant molecules that
spontaneously dispersed in water producing
colloidal suspension.

Rheumatoid arthritis,
osteosarcoma, skin,
pancreatic cancer

Curcumin-hyaluronic acid loaded micelles have
demonstrated expected results when applied in
various conditions treatment, it proved antioxidant,
anti-cancerous, and anti-inflammatory

[37,
40–
42]

2 Nanoparticles Nanoparticles, which are more than 1000 times
smaller as compared to the average human body
cell and have approximately 1-100 nm diameter.
They have unique chemical, biological, and phys-
ical properties suitable for the drug delivery.

Cancer, breast
cancer, colon cancer

Nanoparticles conjugated with curcumin and
hyaluronic acid demonstrated better effects
against tumor and cancerous cells.

[]

3 Liposomes Liposomes are small spherical sac of phospholipid
bilayer molecules bounding aqueous solution;
make closely resembles the plasma membrane of
the cell. Liposomes are specially formed artificially
for the delivery of drugs and certain substances to
the tissues.

Various pulmonary
disorders and lung
cancer

Liposomes improved the ability of curcumin to
protect from oxidative stress and enhanced cell
relative metabolic activity up to 120%

[46]

4 Pullulan Pullulan is a maltotriose unit containing water-
soluble polysaccharide polymer, chemically well
known as α-1,4-;α-1,6-glucan. Naturally, pullulan is
derived from the starch of the fungus Aureobasi-
dium pullulans.

Wound healing and
skin injuries

Cur-HA-SPu polymer has many advantages, like
fast hemostasis ability, antimicrobial activity,
maximum swelling ratio, antioxidant properties,
and better cyto and hemocompatibility

[47]

5 Conjugates The compound developed by the covalently
joining of hyaluronic acid and curcumin that
bound especially referred to as Cur-HA conjugate.
Curcumin conjugation with hyaluronic acid in-
creases its solubility and bioavailability.

Myofibroblasts in
joint contracture,
wound healing and
skin injuries

Cur-HA-conjugate decreased oxidative damage,
enhanced cell proliferation, antibacterial activities,
and also improved migration of cells on scratch
wounds.
HA-Cur conjugate developed the effects on a
molecular target for PTGER2 in the treatment of
joint contracture

[28,
48]

6 Cyclodextrin Cyclodextrins belong to the family of cyclic
oligosaccharides, can be synthesized through
enzymatic conversion from starch.

Cancer cells, wound
infections, antibiotics

Curcumin-cyclodextrin application provides
effective cytotoxicity and anti-cancer activities. One
of its forms was used as a topical antibiotic for the
treatment of wound infections.

[49,
50]

7 Nanogel A nanogel is a hydrogel with crosslinked network
of hydrophilic polymers. The particular
composition and structure of nanogel provide a
platform for curcumin storage and release.

Cancerous cells,
Alzheimer’s disease

It initiated the natural death of cancer cells, by
suppressing the expression of TNF-α, COX-2, and
NF- κB cellular targets. Inhibition of amyloid β-
protein (Aβ) aggregation for the prevention and
treatment of Alzheimer’s disease.

[51,
52]
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100 nm diameter [56]. These nanoparticles have unique
chemical, biological, and physical properties which make
them suitable applications for drug delivery and allow
them to circulate in the blood for a long time [57].
Manju and Sreenivasan developed water-soluble

Cur-HA conjugated gold nanoparticles that show
increased targeting efficacy at cancer cells through
folate receptors and receptors of hyaluronic acid-
mediated endocytosis. The delivery system of a
synthetic compound of polyethylene-glycol-folic acid
conjugated with hyaluronic acid curcumin at gold
nanoparticle PF.HA–Cur@AuNPs increased the effect-
ive supply of curcumin to the perinuclear or nuclear
region of cells of cancer [43]. Chen et al. developed
curcumin-encapsulated hyaluronic acid–polylactide
nanoparticles CEHPNPs to elicit cytotoxicity toward
activated hepatic stellate cells aHSCs and attenuate
thioacetamide (TAA)-induced rat hepatic fibrosis.
Their drug scheme induced significant aHSC cell
death without affecting parenchymal cells or hepatic
epithelial cells, and quiescent HSCs. They concluded
that therapeutic effects of CEHPNPs are as effective
as the group treated with the same curcumin dose in-
tensity in vivo. The advantages of satisfactory thera-
peutic effects and greater biosafety suggest CEHPNPs
is a potential application to be applied in treating
hepatic fibrosis [58]. Ghosh et al. delivered curcumin
through mesoporous silica nanoparticle (MSN) conju-
gated with hyaluronic acid (HA) on the surface, for-
mulate MSN-HA-Cur nanocompounds. They reported
that along with curcumins-hyaluronic acid also
expressed its anti-cancer ability at CD-44 receptors in
cancerous cells. They showed their result that MSN-
HA-Cur nanoparticle based nanoformulation is also a
possible effective application for the treatment of
breast cancer [44]. Singh et al. reported the results of
their study on the cytotoxic efficacy of modified silica
nanoparticle curcumin complex conjugated with hya-
luronic acid (HA-SiNp-cur) and hyaluronic acid-free
silica nanoparticle-curcumin complex in human colon
carcinoma (colo-205) cells. Their study has shown
that HA-SiNp-cur-enhanced uptake of curcumin
through CD44-mediated endocytosis and developed
improvement in cytotoxicity in carcinoma cells of the
colon. The curcumin-hyaluronic acid complex also
presented better distribution and internalization in
spheroids of colon carcinoma as compared to the free
hyaluronic acid complex, apparently due to exocytosis
of endocytosed silica nanoparticle. Singh et al. con-
cluded that these nanomaterials of curcumin and hya-
luronic acid are more potent as compared with
hyaluronic acid-free complexes for inhibiting growth
as well as invasion of tumor spheroids [45]. Ji et al.
developed surface reformed hydrophilic HA@Cur-NCs

through the modification of hyaluronic acid on the surface
of curcumin-nanocrystals. That is a nanoparticle formula-
tion of curcumin that exhibits prolonged biodistribution
of curcumin for targeting breast cancer cells. This formu-
lation has the advantages of being a high drug loading
capacity and stability [59]. Abovementioned researches
are suggesting that the fabricated nanomaterials of
curcumin-hyaluronic acid or biochemical compounds ap-
proach in nanoparticles is also an effective strategy in a
various disorder like breast cancer, metastasis, and hepatic
cancers.

Liposomes
One of the widely used applications of curcumin delivery
in the body system is liposome. The liposomes are the
small spherical sac of phospholipid bilayer molecules
bounding aqueous solution; make closely resembles the
plasma membrane of the cell. Liposomes are specially
formed artificially for the delivery of drugs and certain
substances to the tissues. Liposome gives the following
advantages like biodegradation, biocompatibility, better
solubility, low toxicity, high stability, controlled distribu-
tion, targeting specific cells, flexibility, and easy prepar-
ation [60]. Here, we mention only one study of
fabricated nanomaterial of curcumin-hyaluronic acid in
liposomes.
Manconi et al. reported that the liposome of

curcumin-hyaluronan was applied for improving nebuli-
zation performances and lung antioxidants, where poly-
mer surface modified liposomes were formed to boost
retention and bioavailability of curcumin into tissues of
the lung [46]. Here, negatively charged hyaluronic acid
HA has been used to cover liposomes and increase
mucoadhesive properties of liposomes. Further, hyalur-
onic acid improves the stability of liposome and bioavail-
ability of curcumin due to its adhesive properties. In this
research work, liposomes of curcumin with hyaluronic
acid were fabricated through a mixture of soybean phos-
pholipids and curcumin where its membrane was cov-
ered with sodium hyaluronate.

Pullulan
Pullulan is a maltotriose unit containing water-soluble
polysaccharide polymer, chemically well known as α-1,
4-; α-1,6-glucan'. The pullulan structure is based on α-1,
4 glycosidic bond of three glucose units in maltotriose,
while consecutive units of maltotriose are linked with
each other by a α-1,6 glycosidic bond [61]. Naturally,
pullulan has derived from the starch of the fungus Aur-
eobasidium pullulans, where pullulan is important for
the resist desiccation and predation by cells. Pullulan
can be modified into a polymer of partially soluble or
fully soluble in water. Pullulan has the following proper-
ties like oxygen barrier, moisture retention, and
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antifungal growth [62]. It also exhibited anti-
enzymatic activities against certain enzymes like glu-
cose oxidase, amylases, β-glucosidase, invertase, and
some proteolytic enzymes. The main property of
pullulan for conjugating Cur-HA is that of its high
solubility in water; hence, it is applied for a carrier
of curcumin and it helps in the controlled delivery
of curcumin and hyaluronic acid to plasma. The ap-
plication of pullulan in the field of biotechnology
and medicinal science has developed a better expan-
sion due to its nontoxic, nonimmunogenic, inert na-
ture, and biocompatibility.
Duan et al. reported the fabrication of curcumin-

hyaluronic acid-succinylated pullulan (Cur-HA-SPu), the
film material of antioxidative and antibacterial by using
DMAP (4-dimethyl aminopyrimidine) as a catalyst, 1-
ethyl-3(d-dimethyl aminopropyl)-1-carbodiimide hydro-
chloride as a dehydrating agent and formamide as the
solvent. This study suggests that Cur-HA-SPu polymer
has many advantages, like fast hemostasis, maximum
swelling ratio, antimicrobial, antioxidant properties, bet-
ter cyto, and hemocompatible properties. Through the
experimental study on Wistar rats, Cur-HA-SPu poly-
mer presented accelerating healing of wound as well as
proved to have potential effects in the treatment of skin
injures [47].

Conjugates
These are the compounds developed by the covalently
joining of hyaluronic acid with curcumin that bound es-
pecially referred to as Cur-HA conjugate. Curcumin
conjugation with hyaluronic acid increases its solubility
and bioavailability.
Yu et al. synthesized hyaluronic acid with curcumin

(HA-Cur) conjugates for the treatment of myofibroblasts
in joint contracture. This study presents results that
HA-Cur conjugate regulates methylation of prostaglan-
din E receptor 2 (PTGER2) and inhibit TGF-b signaling
pathway that significantly attenuated the fibrotic func-
tions of the myofibroblast in joint contracture in vitro.
This study indicates that HA-Cur conjugate has a mo-
lecular target for PTGER2 and has shown better results
in the treatment of joint contracture [48]. In another
study, Sharma et al. reported the synthesis of another
type of Cur-HA conjugate nanoparticle for wound heal-
ing. They carried out their study on human keratinocyte
HaCaT cells for antioxidant activity, proliferation, and
healing of the wound. The result of this study showed
that Cur-HA-conjugate decreased oxidative damage, en-
hanced cell proliferation, antibacterial activities, and also
improved migration of cells on scratch wound areas.
Sharma et al. suggest Cur-HA conjugation is a promis-
ing formulation for enhancing healing efficacy [28].

Cyclodextrins
Cyclodextrins belong to the family of cyclic oligosaccha-
rides, which are mainly composed of six (a-), seven (b-),
or eight (g-) D-glucopyranose units linked through a 1,4-
glycosidic bond to form macrocycles. Cyclodextrins
(CD) can be synthesized through enzymatic conversion
from starch. These compounds may be used in various
applications like food, pharmaceutical, chemical indus-
tries, agriculture, and environmental engineering as well
as for drug delivery [63], due to their ability to increase
drug stability and solubility and designate drugs in their
active form to the targeted cells. Among various types of
cyclodextrins, i.e., alpha, beta, and gamma-cyclodextrins,
gamma-cyclodextrin is a more attractive selection due to
the larger size of its cavity and higher solubility com-
pared with other cyclodextrin types. However, the pro-
duction of gamma-cyclodextrin is expensive and time-
consuming compared with other cyclodextrin types that
might limit its application. Since the synthesis of
gamma-cyclodextrins can be expensive and time-
consuming. In comparison, the beta-cyclodextrin type is
conventionally used because of the lower price [64, 65].
Recently, many researchers reported curcumin delivery
system with β-cyclodextrin which expresses the signifi-
cance of β-cyclodextrin in the curcumin delivery system.
In some reports, researchers have used curcumin and
hyaluronic acid conjugated with β-cyclodextrin, an active
targeting β-cyclodextrin-modified hyaluronic acid (HA-
CD) and drug-drug conjugates curcumin-oxoplatin
(Cur-Pt) [66].
Bai et al. reported the synthesis of supramolecular

self-assemblies with active targeting β-cyclodextrin-
modified hyaluronic acid (HA-CD) and drug-drug
conjugates curcumin-oxoplatin (Cur-Pt). In these β-
cyclodextrin compounds, the host-guest combination
between β-cyclodextrin and curcumin was developed
and utilized to produce specific-responsive drug deliv-
ery systems. Here, curcumin acted as a guest mol-
ecule as well as the anti-cancer drug that
strengthened the bio-medical application of supra-
molecular polymers. Their study through the basic
cell experiment proved its effective cellular toxicity
and active targeting ability of the constructed self-
assemblies [49]. Wikene et al. reported the prepar-
ation of solid dispersions of curcumin with methyl-β-
cyclodextrin MβCD and hyaluronic acid (HA) by
lyophilization that lyophilizate expressed properties
like being rapidly dissolvable in aqueous solution with
a high curcumin drug load. Further solid state lyophi-
lizates proved as thermally stable, but photolabile.
These lyophilizates expressed in dissolution them-
selves as supersaturated solutions of curcumin which
later presented the best phototoxic results on both
gram-positive and gram-negative bacteria. Here,
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Wikene et al. suggested lyophilate of curmin with
MβCD and HA as an alternative topical antibiotic for
the treatment of wound infections [50].

Nanogel
A nanogel is a hydrogel with a crosslinked network of
hydrophilic polymers. These nanogels are made up of
biopolymers or synthetic polymers that are either chem-
ically or physically crosslinked [67, 68]. Nanogel is usu-
ally in the 10 to 100 of nanometers in diameter. The
particular composition and structure of nanogel provide
a platform for drug storage and release [69]. Many re-
searchers have reported curcumin and hyaluronic acid
nanogel applications.
Wei et al. designed a nanogel of curcumin conjugated

with cholesteryl-hyaluronic acid CHA-CUR, which dem-
onstrated at oral administration, anti-cancer activities,
even it has enhanced cellular permeability of curcumin.
These nanogels have expressed their capability of tar-
geted delivery to CD44-expressing drug-resistant cancer
cells. It initiated a natural death of cancer cells, by sup-
pressing the expression of TNF-α, COX-2, and NF- κB
cellular targets of free curcumin [70]. Seok et al. in their
study developed curcumin encapsulated hyaluronic acid
linked with zein nanogels (HA-Zein NGs) for the deliv-
ery of curcumin at targeted cancerous cells. Their stud-
ies showed high anti-cancer activity against the CT26
cells [51]. Jiang et al. reported treatment of Alzheimer’s
disease through curcumin-epigallocatechin-3-gallate
(EGCG) by modified hyaluronic acid self-assembled
nanogels. This nanogel showed great inhibition of the
amyloid β-protein (Aβ) aggregation for the prevention
and treatment of Alzheimer’s disease [52]. So nanogels
may be actively used as a vector for delivery of drugs to
actively release on targeted cells.

A comparative analysis and efficacy of
nanomaterial of curcumin-hyaluronic acid with
nanocurcumin
The different physical and chemical composition of syn-
thetic nanomaterials of curcumin with hyaluronic acid
determine their characteristics and efficacy where they
were applied. Above discussed various methods like mi-
celles, liposomes, pullulans, and nanogel are used for
carriers of curcumin and hyaluronic acid to targeted
cells even in some studies, hyaluronic acid itself is used
as a carrier of curcumin to the targeted areas, where the
size, surface area, surface charge, and hydrophobicity are
important characteristics of consideration to form nano-
materials of curcumin-hyaluronic acid; however, hyalur-
onic acid has its own therapeutic effects. As compared
with the native curcumin which has low solubility and
availability in the body even various studies show 10-100
nm size nanoparticles of curcumin mostly have been

used in medicinal applications and clinical trials but the
current studies determine the nanomaterials of curcu-
min with hyaluronic acid has ideal properties that fur-
ther improve the efficacy of curcumin in its therapeutic
activities [71]. Here, it is worth mentioning that curcu-
min possessing a wide range of pharmacological activ-
ities that include anti-cancer, antiviral, antifungal,
antioxidant, antiangiogenic, and anti-inflammatory prop-
erties, so applying curcumin’s nanomaterials with hya-
luronic acid is considering an ideal choice as compared
to normal curcumin. It was also found that applying
nanomaterials of curcumin with hyaluronic acid en-
hances systemic bioavailability in tissue and plasma as
compared to the free curcumin. So far, various attempts
made to encapsulating curcumin into various nanofor-
mulations with hyaluronic acid. The various synthesized
nanoformulations of curcumin with hyaluronic acid bio-
chemicals have been mainly used as ameliorative therapy
of arthritis, tumor, neurological disorders, and wound
healing. The bioavailability and efficacy of nanocurcumin
increase with the addition of the particular extracellular
matrix component the hyaluronic acid, which plays
many key roles in different physiological functions, par-
ticularly in joints, like lubrication, tissue’s hydration, and
the interactions between proteins and proteoglycans of
the extracellular matrix [72]. For its various therapeutic
roles already discussed above hyaluronic acid has been
selected as an ideal carrier of curcumin to prepare Cur-
HA nanomaterials. The certain comparative analysis of
curcumin and nanomaterials of curcumin with hyalur-
onic acid is present in Table 2.

Therapeutic applications of nanomaterials of
curcumin and hyaluronic acid
The nanomaterials of curcumin-hyaluronic acid bioma-
terials through studies have proved a promising thera-
peutic application with valuable properties like anti-
cancer, anti-inflammatory, antiamyloid, antioxidant,
antimicrobial, and antifibrosis with the potential treat-
ment of many human diseases. In the below section,
therapeutic applications of nanocurcumin-hyaluronic
acid biomaterials are discussed.

Anti-cancer effects
Nanomaterials of curcumin with hyaluronic acid have
been recognized through various researches as a success-
ful anti-cancerous application on various animal models
including humans. It acted as an effective drug against
human breast, lung, liver, and pancreatic cancers due to
the apoptosis inducing capability of curcumin, which
prevents cancer cell growth and suppression of cell cycle
development [84], and HA which helps delivery of cur-
cumin at targeted cells. Previous studies illustrate that
curcumin prevents the development of metastasis of
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cancer cells and prevents the attack of cancer cells on
normal cells and tissues. Curcumin acts on the genes of
tumor growth and proliferation by suppressing their ex-
pression like genes of bcl-2, cyclin D1, c-Myc, and Bcl-
xL. It has been well observed that curcumin inhibits the
activity of nuclear factor-kappa (NF-kB) through various
studies [85]. Here, the hyaluronic acid has been used for
enhancing the bioavailability and degradability of curcu-
min even for delivery on targeted cancer cells that is due
to hyaluronic acid interacts with CD44, to initiate many
cellular activities like cell differentiation, proliferation,
migration, angiogenesis, survival, and protease docking
on the plasma membrane [86]. While hyaluronic acid’s
other binding receptors, such as the receptor for HA-
mediated motility (RHAMM or CD168), hyaluronan re-
ceptor for endocytosis (HARE), and the intracellular ad-
hesion molecule-1 (ICAM-1, or CD54) are involved to
start various signaling cascades. Hence, hyaluronic acid
has been used in many cancer treatments based on vari-
ous therapeutic strategies [87, 88]. Therefore, various

combined nanomaterials of curcumin with hyaluronic
acid are studied and applying to target cancer cells,
which overexpress CD44 and isoforms [89]. Here are
some examples of cancer disorders where nanomaterials
of curcumin-hyaluronic acid are widely studied.

Osteosarcoma
Osteosarcoma is a type of bone cancer that develops im-
mature bone. Osteosarcoma is regarded as the common
type of bone cancer which develops at the end of long
bones, mostly around the knee. The average age of diag-
nosis is about 25 years; it is more common in males than
females [90]. Xi et al. produced curcumin bearing, multi-
functional alendronate-hyaluronic acid-octadecanoic acid
ALN-HA-C18 micelle. Their study suggests that ALN-
HA-C18 micelle has a close affinity to bones, which exhib-
ited high cytotoxic activity against MG-63 cells and de-
layed anti-tumor growth properties in osteosarcoma
bearing mice as compared with free curcumin [40].

Table 2 Comparative analysis of nanomaterials of curcumin and hyaluronic acid therapy with curcumin therapies

Activity Curcumin only Cur-H.A Description

Breast
cancer

Curcumin: applied as oral
dose [73]

Hybrid nanoparticles [74] Yang et al. applied combination therapy with paclitaxel (PTX), a
chemotherapeutic agent and curcumin using HA-hybrid NPs
that expressed a potential strategy for inhibiting breast tumor
growth by killing breast cancer stem cells (bCSCs) and non-
CSCs.

Colorectal,
colorectal
cancer

Curcumin: nanoformulations
and with chemotherapy
agents [75, 76]

HA-CPT/CUR-NPs [77], and HA-SiNP-
Cur [45]

Xiao et al. reported curcumin with hyaluronic acid and
chemotherapy agents like HA-CPT/CUR-NPs is more effective
than usual chemotherapic procedures against colon-26 cells
[77]. Singh et al. reported silica modified curcumin complex
conjugated with hyaluronic acid (HA-SiNp-cur) in human colon
carcinoma colo205 cells. Their study has shown improvement
in cytotoxicity in carcinoma cells of the colon [45].

Pancreatic
cancer

Curcumin/gelatin-blended
nanofibrous mat [78]

Nanomicelles of HA-SMA-CDF Kesharwani et al. reported the significant effect of nanomicelles
of hyaluronic acid-styrene maleic acid-anti-cancer agent, 3,4-
difluorobenzylidene curcumin HA-SMA-CDF in inhibition of pro-
liferation of NF-κB, the cancer-causing cells. Their results sug-
gest HA and Cur nanomicelles have great implications in
treating pancreatic cancers [41].

Diabetic
wound

Curcumin with diabetes
therapies [79–81]

Curcumin and Hyaluronic
formulation reported only for the
diabetic wound healing

Hussain et al. fabricated curcumin and resveratrol carrier
nanoparticles CUR-REV-CS-NPs functionalized with HA and opti-
mized their physicochemical characteristics, storage stability,
thermal stability, and release kinetics for diabetic wound heal-
ing that would reduce the frequency of topical application for
the management of diabetic wound, improve therapeutic effi-
cacy, increase localized targeting and prolong the residence of
curcumin and resveratrol at the target site [28, 82].

Arthritis Curcumin oral dose [83] Hyaluronic acid/curcumin (HA/ Cur)
nanomicelle

Fan et al. constructed a nanomicelle of HA/Cur for potential
therapy of rheumatoid arthritis. The newly found drug showed
excellent anti-inflammatory effect in mice experiment. The con-
structed drug can reduce the expression of related cytokines
and VEGF, developing in a targeted inhibition of the inflamma-
tory response [37].

Wound
healing

By various methods Cur-HA-SPu Curcumin with hyaluronic acid pullulan Cur-HA-SPu showed
better results in wound healing, through producing no cytotox-
icity, rapid cell proliferation, antioxidant, and antibacterial activ-
ities [47].
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Pancreatic cancer
According to the available data, pancreatic cancer cost
about 4.0% of all cancer deaths every year worldwide.
So, it becomes the fourth most common reason for
deaths among other cancer incidences, while the mortal-
ity rates due to pancreatic cancer are also increasing in
the world [91]. Pancreatic cancer is considered an ag-
gressive kind of cancer thus most of the patients have
metastatic or locally advanced pancreatic cancer at their
time of diagnosis. The average survival time of pancre-
atic cancer patients is about 4 months and if there is
metastatic then it is only about 2 to 3 months. Unfortu-
nately, the survival rate of pancreatic cancer patients has
not still improved [92]. Kesharwani et al. prepared the
hyaluronic acid conjugate of styrene-maleic acid (HA-
SMA) use to form micelles with 3, 4-difluorobenzylidene
curcumin (CDF). This synthetic compound presented its
better results as (i) high curcumin loading with high
aqueous solubility; (ii) remarkable biosafety because the
use of non-toxic compounds; (iii) proved potent anti-
cancer applications in cell lines of human pancreatic
cancer cells; (v) better drug curcumin delivery on CD44
expressing tumor cells; and importantly (iv) inhibition of
NF-κB in CD44+ cells [41].

Breast cancer
Breast cancer worldwide is considered the second lead-
ing cause of death among women due to cancer. Its pre-
vention becomes a challenge because it develops
through the multi-step process involving multiple cell
types. The best approach to prevent this cancer is the
early diagnosis [93]. Early diagnosis and early prevention
help to survive 80% of patients [94]. In the recent dec-
ade, great efforts have been made to treat breast cancer.
Ghosh et al. delivered curcumin through mesoporous
silica nanoparticle (MSN) and hyaluronic acid to tar-
geted cancer cells CD-44. This study had developed an
effective result by reducing tumor volume in tumor
bearing mice [44].

Lung cancer
Manconi et al. reported curcumin-loaded liposomes
modified by coating their surface with hyaluronic acid to
support both phyto-drug and vesicles to improve curcu-
min local efficacy. For the first polymer, positively
charged, stiff vesicles, and oligolamellar were obtained
using negatively charged, unilamellar, and less stiff vesi-
cles with the second one. Their overall results disclosed
that vesicles coated with hyaluronic acid present more
suitable to improve lung deposition and to effectively
protect A549 cells from the oxidative stress induced by
hydrogen peroxide. Cytotoxic effect of samples on A549
cells was assayed for 48 h by testing different dilutions
curcumin-loaded hyaluronan-coated liposomes may

represent a potential and safe delivery system for the
local treatment of different lung diseases [46].

Colon cancer
Colorectal and colon cancer, counted as 3rd most com-
mon malignant tumor, is linked with high mortality and
morbidity; according to the available data, this cancer
account for over 1.4 million new cases and approxi-
mately more than half a million deaths worldwide each
year [95, 96]. Colon cancer is considered as a complex
disease involving various cellular pathways [97]. There-
fore, many researchers have proposed hyaluronic acid
with curcumin nanomaterial-based combination chemo-
therapy, targeting different cellular pathways, as a prom-
ising alternative strategy.
Xiao et al. present hyaluronic acid functionalized

PLGA NPs as carriers to co-deliver camptothecin CPT
and curcumin CUR for combination chemotherapy of
colon cancer. Their studies showed that both drugs were
released instantaneously and were successfully taken up
by cells. These studies determine that the excellent colon
cancer cell-targeting ability of HA-CPT/CUR-NPs pro-
motes colon cancer-targeted delivery and synergistic ac-
tivity against colon-26 cells [77].

Rheumatoid arthritis
Rheumatoid arthritis (RA) is a chronic autoimmune dis-
order that particularly affects joints of a person with the
characteristics of painful, swollen, and warm joints, com-
monly, the hands and wrists on both sides of the body
and it may also affect some other parts of the body [98].
Arthritis involves inflammation of joints or hyperplasia
of the synovial membrane, pain, swollen, warmth, ten-
der, and stiffness limits the movement of joints ultim-
ately dysfunction [99]. Multiple joint arthritis may also
be developed with the passing of time and age from
small joints of the cervical spine, feet, and hands to lar-
ger knee and shoulder joints [100]. Although the reasons
for developing rheumatoid arthritis are not clear, how-
ever, it is postulated that the effects of genetic and envir-
onmental factors both are involved. Various studies
indicate that various cytokines (IL-1 TNF-α, IL-6, and
IL-8) have an important role in the pathogenesis of
rheumatoid arthritis; along with cell adhesion molecules,
chemokines, and matrix metal loproteinase [101]. The
diagnosis procedures mainly depend on the sign and
symptoms of the person, X-rays, and laboratory testing
[102]. Therapies or treatment of rheumatoid arthritis is
mainly focusing on reducing pain, reducing inflamma-
tion, and improving the physiological functions of joints.
Typical drugs of rheumatoid arthritis have many side ef-
fects. In this regard, curcumin, hyaluronic acid conjugate
therapy has developed better results [37]. Fan et al. have
constructed curcumin hyaluronic acid nanomicelle for
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rheumatoid arthritis. By experiments on rats, it has de-
veloped better results by producing biocompatibility that
initiates the proliferation of chondrocytes, when injected
into the rats. That nanomicelle therapy significantly low-
ered the edema of the arthritic rats and decreased fric-
tion between the cartilages of joints [37].

Myofibroblasts joint contracture
Joint contracture is a condition in which joints became
tighten and immobilized; this may cause deformity of
the joint. The joint contraction is followed by symptoms
of pain and loss of movement in the joint. The contrac-
tion in the joint may be developed after an experience of
joint surgery or long time immobilization, which leads
to the irreversible disability of the joint [103, 104]. Joint
contracture affects at least 34% of patients after joint
surgery or immobilization of joints [105]. The patho-
logical changes which cause the contracture in the joint
are myofibroblasts generation, deposition, and the prolif-
eration of extracellular matrixes in the joint capsule.
Myofibroblasts in joint contracture is a fibrotic problem
that may induce by trauma and joint immobilization
with characteristics of an excessive myofibroblast prolif-
eration in the joint capsule [106]. Therefore, Yu et al.
developed Cur-HA conjugate molecules that suppressed
myofibroblast development, treatment, and prevented
joint contracture in their study [107].

Skin and wound healing
According to various literature, any destruction, damage,
or cut of the skin is called a “wound” [108, 109]. Skin
wounds remained serious health concerns, especially non-
healing, chronic wounds like, pressure ulcers, diabetic foot
ulcers, and venous leg ulcers, which manifests delayed and
incomplete pathologically skin healing, presenting the pa-
tient to a higher danger of bacterial and fungal diseases
[110]. Wounds that continue through the wound healing
process without reestablishing functional and anatomic
outcomes or that has failed to proceed through a timely
sequence of wound healing are chronic non-healing
wounds [111, 112]. A chronic non-healing wound in dia-
betic persons is one of the most serious issues. Patients
who suffer from diabetic wounds can undergo lower-leg
amputations, which will bring them about high medical
care costs and low quality of life [113].
Practically, all kinds of wounds, including chronic

non-healing wounds, required rapid treatment of the
wounded area to reduce damage to the skin and under-
lying tissues for protecting the wounds from secondary
infections, enable tissue regeneration, and enhance epi-
thelization [114]. Chronic wounds expose the same char-
acteristics that contain elevated inflammatory markers,
high levels of proteases, reduced cellular proliferation,
and low growth factor activity [115]. The presence of

poor metabolic conditions as well as infections in the pa-
tients also results in chronic wounds [116]. Chronic
wounds also have high levels of free radicals like hydro-
gen peroxide and superoxide [117], which may be detri-
mental to wound healing. Various previous researches
have demonstrated that curcumin has an effective anti-
oxidant effect on skin wounds [118, 119]. These studies
prove that curcumin can scavenge free radicals, i.e., ROS
and RNS and also modulate the enzyme (GSH, catalase,
and SOD) activity to deactivate the free radicals. Curcu-
min also obstructs ROS-producing enzymes (i.e., lipoxy-
genase/cyclooxygenase) [85]. As compared with the
other antioxidants, curcumin is a unique and potent
antioxidant agent as it possesses many forms of func-
tional groups like diketo group, carbon-carbon double
bonds, and phenyl rings, in its structure [85]. Jovanovic
et al. recognized curcumin as a superb H-atom donor, as
it releases the H-atom from the central methylene
group, in acidic and neutral aqueous solutions and
acetonitrile solutions [120]. In another study, Barclay
et al. also described that curcumin is a phenolic chain-
breaking antioxidant, and gives the phenolic group of H-
atoms [121]. The wound healing activities of curcumin
are also attributed to its roles in enhancing cell prolifera-
tion, tissue formation [122], remodeling of tissue, depos-
ition of collagen [123]. The roles of curcumin to initiate
skin regeneration, cell proliferation, and vascular density
have also been well elaborated by many researchers
[124]. Therefore, nanoformulation of curcumin with
hyaluronic acid, in previous studies produced great re-
sults in wound healing, due to the addition of valuable
properties of hyaluronic acid with curcumin, as hyalur-
onic acid contributes good biocompatibility and bio-
logical activity in the healing of wounds. Hyaluronic acid
has a strong affinity for cell-specific surface marker
CD44 [125], which regulate cell growth and differenti-
ation, cell proliferation, and adhesion [126, 127].
Duan et al. formed curcumin-hyaluronic acid-

succinylated pullulan (Cur-HA-SPu) the film material
of antioxidative and antibacterial by using DMAP (4-
dimethylaminopyrimdine) as a catalyst, 1-ethyl-3(d-
dimehtyl aminopropyl)-1-carbodiimide hydrochloride
as a dehydrating agent and formamide as a solvent.
The practical tests were carried out in L929 cells that
revealed no cytotoxicity and enhanced cell prolifera-
tion, antibacterial activities, and antioxidant activity.
They observed through animal experiments on Wistar
rats, that Cur-HA-SPu film achieve better wound
healing result [47].

Neurological disorders
Previously by various studies, curcumin has been re-
ported as the neuroprotection agent and it is also in-
volved to manage biochemical pathways associated with
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neurodegenerative disorders even stimulation of neural
stem cell proliferation and differentiation [128].

Alzheimer’s disease
Alzheimer’s disease is a kind of progressive neuron de-
generation in the brain, particularly neurons of the
hippocampus and cerebral cortex, and the main kind of
dementia that begins slowly and gradually worsens over
time [129]. Dementia characterizes as difficulties in
memory, disturbances in language, and impairments in
activities of daily living. It affects about 6% of the popu-
lation aged over 65 [130]. As soon as if a person’s condi-
tion declines, they become unattached from their family
and society. Ultimately, Alzheimer’s can lead to death if
the body lost its functions [131]. Although the causes of
Alzheimer’s disease are still uncertain, however, several
hypotheses have been put forward by researchers [132].
One of these hypotheses is the amyloid hypothesis which
suggested that the amyloid β-protein’s aggregation, de-
position, and aggregation contribute to cerebral extracel-
lular amyloid plaques which produce neurotoxicity
[133]. Thus, using any drug which inhibits the Aβ aggre-
gation would be considered a better strategy to fight
against Alzheimer’s disease [52]. Among these drugs, the
natural plant extract curcumin has received large atten-
tion because of its safety and high efficiency in the inhib-
ition of Aβ aggregation [134, 135]. In this regard, Jiang
et al. prepared curcumin-epigallocatechin-3-gallate
(EGCG) by modified hyaluronic acid self-assembled
nanogels. Curcumin-epigallocatechin-3-gallate, the two
inhibitors modified with hyaluronic acid, develops a fa-
vorable nanostructure CEHA which regulates different
inhibition effects. Their study indicates that the synthesis

of curcumin-epigallocatechin-3-gallate as a dual inhibi-
tor nanosystem has the potential against Aβ aggregation
and cytotoxicity [52].

Discussion
Nanomaterials of curcumin and hyaluronic acid study gap
and future directions
Nowadays, nanomaterials of curcumin and hyaluronic
acid have received great attention for potential therapeutic
applications of curcumin and other additional drugs in-
cluding hyaluronic acid. By the comprehensive study of
available literature, it is worth mentioning that nanoma-
terials of curcumin and hyaluronic acid produced better
therapeutic values and have increased pharmacokinetic
properties of the curcumin and other drugs if added. In
this review article, we have reported through the available
literature various formulations and applications of nano-
materials of curcumin and hyaluronic acid which have
been developed and are studied in vivo and in vitro on an-
imals and humans that manifest many successful results
on targeted diseases and disorders. However, we have
mentioned earlier that curcumin is a versatile drug that is
being used for so many diseases like, breast cancer, colo-
rectal cancer, lung cancer, pancreatic cancer, prostate can-
cer, AIDS, Crohn’s disease, gastric ulcer, H. pylori
infection, inflammatory bowel disease, IBS, peptic ulcer,
rheumatoid arthritis, diabetes, vitiligo, atherosclerosis, β-
thalassemia, cholecystitis, gallbladder contraction, renal
transplantation, Alzheimer’s disease, and others, but nano-
materials of curcumin and hyaluronic acid have been ap-
plied for limited diseases as shown in Fig. 5.
This review highlighted here a huge gap of study of

nanomaterials of curcumin and hyaluronic acid on many

Fig. 5 Various forms of nanomaterials of curcumin with hyaluronic acid and their use against particular diseases and disorders
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curcumin-targeted diseases that should possibly be over-
come by further nanomaterials of curcumin-hyaluronic
acid experimental and clinical studies. Many challenges
are still existing for nanomaterials of curcumin-
hyaluronic acid to propose it as a promising therapeutic
application in human diseases. So far, different applica-
tions of nanomaterials of curcumin and hyaluronic acid
have been developed like liposome, micelle, conjugate,
and pullulan, where the concentration of curcumin and
hyaluronic acids are also variable, that ensure tissue spe-
cificity, cellular uptake, and the effectiveness of curcu-
min and other conjugated drugs of applications. This
review article, mentioned most of the nanomaterials of
curcumin and hyaluronic acid are at the concept stage,
and most of the experiments performed under in pre-
clinical models because lack of understanding of the risk
of toxicity, allergy, neuroinflammation, and the proper
dosage of compounds included in nanomaterials of cur-
cumin and hyaluronic acid. That reasons very few clin-
ical studies have been found in the available literature,
but these all studies confirm that nanomaterials of cur-
cumin and hyaluronic acid biomaterial’s compounds
have better water solubility and physicochemical stabil-
ity, better bioactive absorption, enhanced pharmacokin-
etics and bioavailability, better metabolization, strong
penetration, and targeting efficacy as compared with the
other nanocurcumins.

Conclusion
However, due to limited clinical trials and experiments
of nanomaterials of curcumin and hyaluronic acid on
humans and animals, there are substantial gaps in re-
search for the safety and efficacy of nanomaterials of
curcumin and hyaluronic acid. Thus, it is an entire need
for further clinical trials of nanomaterials of curcumin
and hyaluronic acid, whereas in previous studies only
curcumin was studied, because curcumin with hyalur-
onic acid provides better properties for efficacy and ac-
tivity. Finally, various nanomaterials of curcumin and
hyaluronic acid are still in their initial phase to develop
their best results. So, it entirely requires serious and
committed efforts through the well-organized system of
practical and clinical trials that provide the best and en-
hanced effects and results of nanomaterials of curcumin
and hyaluronic acid.
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