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ABSTRACT 

Silica nanoparticles offer a promising platform for the delivery of drugs, in particular for the drugs which lack water solubility, target capability 
and have non‐specific distribution,  systematic  toxicity and  low  therapeutic  index.  In  this  review, we  focus on  the  synthesis and  therapeutic 
(particularly, anti‐cancer) applications of Curcumin loaded Silica Nanoparticles. Various surface modifications of silica nanoparticles have been 
discussed that are used to enhance their therapeutic applications. The characterization techniques and study of their biocompatibility have also 
been presented.  
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INTRODUCTION	

Nanomedicine, the use of nanotechnology for biomedical 
applications, has potential to change the landscape of the 
diagnosis and therapy of many diseases. Use of nano-carriers such 
as solid nanoparticles, liposomes, polymeric micelles, polymeric 
nanoparticles, drug-polymer conjugates, dendrimers etc. for 
controlled and sustained delivery of drugs, such as Curcumin, 
which has low biocompatibility, has been extensively studied to 

overcome several problems in conventional drug delivery systems 
in past years.1,2 Each delivery system has its advantages and 
disadvantages. For example, O’Brien et al. have achieved high 
drug loadings in liposomes,3 but also their intrinsic structural 
stability is undesirably low during circulation. Inorganic Drug 
delivery systems, such as Silica nanoparticles (SiNPs), which can 
overcome the disadvantages of organic drug delivery systems, 
offer an effective way to enhance the outreach of nanomedicine 
applications. Their hydrophilic surface increases their circulation 
efficiency, have excellent biocompatibility,4 and can be easily 
mass produced at low capital. Nanoparticle (NP) based drug 
delivery is receiving attention due to these unique properties and 
as these NPs can easily encapsulate poorly soluble drugs,2 protect 
therapeutic molecules from degradation,5 modify their blood 
circulation and reduce side effects of drugs.6 On the other hand, 
Curcumin is a well-renowned drug having anti-oxidant, anti-
inflammatory, anti-proliferative, anticancer, antidiabetic,7 
antirheumatic, anti-invasive, antiangiogenic and anti-viral 
applications however, its  potential is limited due to its lack of 
solubility in aqueous solvents, rapid elimination from body and 
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inadequate absorption. Studies indicate that Curcumin exhibits a 
versatile range of pharmacological value against many chronic 
diseases such as type-II Diabetes, rheumatoid arthritis, multiple 
sclerosis, Alzheimer’s disease and Atherosclerosis. It also restricts 
platelet aggregation, Thrombosis and HIV Replication. Moreover, 
it enhances wound healing and is found to protect against Liver 
injury, cataract formation, pulmonary toxicity and fibrosis.7-17 
Finally, the anti-cancer activities of Curcumin have been exploited 
for both prevention and treatment of large variety of various 
cancers including gastrointestinal, melanoma, genitourinary, 
breast, lung, hematological, head and neck neurological and 
sarcoma.17-20 So, Curcumin with these many advantageous 
applications can be brought into use by applying delivery 
approach based on nanotechnology,21-22 which overcomes its 
above-mentioned limitations. This review discusses different 
aspects of research work done on Curcumin loaded silica 
nanoparticles in the recent years. 

1.1.		CURCUMIN	–	THE	DRUG	

Vogel et al.23 were first to extract an impure form of a natural 
yellow-colored phenolic antioxidant, curcumin. Curcumin present 
in many kinds of herbs, particularly in Curcuma longa Linn 
(turmeric) (family Zingiberaceae) has been used in its crude form 
as spice and dietary supplement as well as component of many 
traditional Asian medicines.24 The commercially available 
Curcumin products contain not only curcumin [1,7-bis(4-hydroxy-
3-methoxyphenyl)-1,6-heptadiene-3,5-dione)], but have three 
curcuminoids present in them, namely  ~17% demethoxy 
curcumin, 3%  bisdemethoxycurcumin and rest is curcumin 
[Figure1].25 
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Figure 1. Structures of Curcumin (Curcumnoids) Curcumin(A),  
demethoxycurcumin(B) Bisdemethoxycurcumin(C) 

 
Keto form of curcumin dominates in acidic and neutral 

conditions and solid phase. It has a pKa value of 8.54.Curcumin 
also acts as a Michael acceptor because it exhibits keto-enol 
tautomerism.26 It is less soluble in water, only about 0.6 µg/mL, at 
pH<=7 and is extremely susceptible to degradation under basic 
conditions,27-29 but soluble in organic solvents like methanol, 
ethanol, dimethylsulphoxide (DMSO) and acetone because of its 
chemical structure.  

Curcumin acts as an anti-oxidant,30 which is responsible for its 
wound healing properties as free radicals are the major cause of 
inflammation.31 It enhances wound healing through tissue 
remodeling, granulation tissue formation and collagen 
deposition.32 Its anti-inflammatory,33 and anti-infectious  
activities,34 increase its wound healing potential. The positively 
charged metals found in the active sites of target proteins are 
chelated by the enol form of curcumin. Curcumin chelating 
potential of the type 1:1 and 1:2 have been reported for several 
metal cations.35 Out of all the curcuminoids, curcumin has the 
most anti-oxidant potential. Curcumin protects liver against injury 
and fibrogenesis by suppressing hepatic inflammation, attenuating 
hepatic oxidative stress,36 increasing expression of the xenobiotic 
detoxifying enzymes,37,38 inhibiting hepatic stellate cells 
activation39 and supporting the mitochondrial function.40 

Curcumin has a glucose lowering effect because of its actions 
on various glucose and lipid metabolism related targets, oxidative 
stress, cell growth, inflammation and apoptosis.41 The various 
nanoformulations which can be used to increase the solubilisation 
of curcumin and protect it against inactivation by hydrolysis 
include: liposomes,42 polymeric Nanoparticles,43 polymeric 
micelles,44-51 conjugates,52 peptide/protein carriers,53 
cyclodextrins,54 solid dispersions  etc.55 

1.2.	SILICA	NANOPARTICLES‐	THE	DELIVERY	VEHICLE	

Silicon dioxide or Silica (SiO2) is found in nature in crystalline 
and amorphous forms.56 The packing of SiO4 units form a three-
dimensional network structure which terminates at the surface in 
two ways: siloxane group with oxygen group on surface or silanol 
group with –OH group on the surface. There are three types of 
silanol groups vicinal, germinal, isolated silanol sites as illustrated 
in figure 2. 

    
Figure 2. Structures of silanol groups present in silica nanospheres. 

 
SiNPs have unique physiochemical properties such as high 

surface area, nanometer size and rigid framework, with excellent 
thermal, chemical and mechanical stability.57-59] The inherent 
inactive nature of silica can be utilized by using it as a support 
material and the functionalization of its exterior and interior pore 
surfaces with several organic moieties and hybrid atoms.  
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SiNPs may further be classified into Hollow SiNPs and 
Mesoporous SiNPs.  

a) Hollow SiNPs consists of a nano-sized hollow interior 
surrounded by a solid silica shell. Their versatile properties 
include high specific surface area,60-63 thermal insulation,64-66 and 
optical property.67 

b) Mesoporous SiNPs (MSNPs) have a unique mesoporous 
structure. They have high potential in biomedical applications 
because of high surface area and mesoporous structure. 

Other nanocarriers face some key barriers in their 
translocation.68-70 These include difficulty in developing 
nanocarriers that encapsulate sufficient therapeutic agents with 
activated release, difficulty in their delivery to the target molecule, 
toxicity of engineered nanomaterials and finally their cost-
effective preparation. Therefore, MSNPs can be used as 
nanometer sized drug carriers because they overcome some of the 
problems of other nanoformulations. 

2.	PREPARATION	OF	SINPS	

Traditional techniques used to synthesize SiNPs involve flame 
synthesis, reverse micro emulsions, hydrothermal synthesis and 
widely used sol-gel technique. It overcomes the disadvantages of 
above-mentioned techniques as through systematic monitoring of 
reaction parameters, it can control the particle size, size 
distribution and morphology of particles. 

SOL‐GEL	PROCESS	

SiNPs can be obtained as a pure and homogeneous product at 
mild conditions through sol-gel process. It is a widely used wet 
chemical technique to synthesize SiNPs. This technique comprises 
of hydrolysis and condensation of Silica precursors such as TEOS 
or Sodium silicate in the presence of mineral acid (HCl) or base 
(NH3) as catalyst.71-73 

The reaction involved in sol-gel technique for SiNPs using 
TEOS can be written as:72-75  
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Figure 3. The hydrolysis of TEOS molecules forms silanol groups. 
The condensation/polymerization between the silanol groups or 
between silanol groups and ethoxy groups creates siloxane bridges 
(Si–O–Si) that form entire silica structure.  

Stöber et al. were first to synthesize spherical and 
monodispersed SiNPs (5nm-2000nm) from aqueous alcohol 
solution of silica alkoxides in presence of ammonia as a catalyst.73 
Base catalyzed Stöber method has an advantage over acid 
catalyzed systems as it reduces monodispersed spherical silica 
particles while the latter produce gel structures. Subsequent 
methods for the synthesis of SiNPs evolved from the Stöber 
method.  

Size of Nanoparticles can be reduced by slowing down the rate 
of reaction (polycondensation) by varying reaction 
parameters.74,,75 Most of the works prove that increased ammonia 
concentration increases the particle size.76-82 Replacing ammonia 
with ammonium salts of Br, I, Cl reduce particle size by 73%-
78%. Therefore, addition of small amount of anion electrolyte 
produces monodispersed SiNPs ~20nm to ~34nm83 depending on 
the anion used. Particle size and distribution of SiNPs also 
depends on mixing modes provided concentration of reactants and 
temperature are kept constant.84 Rahman et al. reported 
homogeneous, highly dispersed and stable SiNPs ~7.1nm in 
size‘81’ using low frequency ultrasound and optimum conditions of 
sol-gel process. Therefore, it can be concluded that the optimum 
conditions for a reaction can be set depending upon the desired 
particle size and morphology of SiNPs to be produced. 

SiNPs need to be dried to convert them from fluid to solid 
form. Some of the drying techniques include supercritical drying, 
freeze drying, spray drying and thermal drying. A careful 
controlled drying process leads to the formation of well dispersed 
particles whereas drying in the presence of water can result in 
agglomeration phenomena. The effect of alcohol dehydration, 
freeze drying, and oven drying techniques on the size, size 
distribution, dispersion and agglomeration of ~7nm nanosilica 
produced by sol-gel method were described by Rahman and co-
workers.85 According to the results, the most efficient technique 
was found out to be alcohol dehydration as it produced SiNPs 
with improved dispersion and reduced agglomeration. Thus, 
synthesized SiNPs can be surface-functionalized with multiple 
organic and inorganic groups, polymers, and proteins which serve 
as caps and gatekeepers for controlled drug release and further 
enhance their biocompatibility and cellular uptake.86,87 

 

         
Figure 4. Schematics of Sol-Gel.  
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2.1.	PREPARATION	OF	CURCUMIN	LOADED	SINPS	

In this review we are focusing on the preparation of SiNPs in 
conjugation with curcumin by using sol-gel process. 

Curcumin conjugated SiNPs can be prepared using modified 
Stöber method ’73’ and adding curcumin during the reaction. Over 
the years, various researchers have worked on curcumin 
conjugated SiNPs using novel techniques. In 2009, Vishwanatha 
et al. formulated a delivery system where curcumin was 
encapsulated in poly (lactic-co-glycolic acid) (PLGA) 
nanospheres by solid-in-oil-in-water (s/o/w) solvent evaporation 
technique.88 Their studies showed that smooth, spherical PLGA 
nanospheres were formed and exhibited high yield and drug 
entrapment efficiency with a narrow size range of 35nm to 100nm 
and mean particle diameter of 45nm. The in vitro curcumin 
release studies from the nanospheres showed that curcumin was 
released in a sustained manner over a prolonged period. Recently 
it was shown that, hydrophobic curcumin can be effectively 
encapsulated into porous silica capsule through a multistep self-
assembly approach.89 Chin et al. reported the formation of 
magnetic nanocomposites of silica with curcumin in the 
cetyltrimethylammonium bromide (CTAB) micellar rod in the 
presence of super paramagnetic Fe3O4 Nanoparticles (8nm-10nm). 
This method endowed ultrahigh loading of magnetite inside the 
porous silica matrix which imparted high magnetophoretic 
mobility for targeted delivery.90 

Mesoporous spherical hollow SiNPs were prepared by Jin et al. 
using a self assembled alanine-based amphiphile as a template and 
then they were functionalized with curcumin molecules attached 
to the internal surface of the nanostructure by covalent bonding. 91 
Approximately, 35% of the curcumin was selectively immobilized 
onto the internal surfaces of the mesoporous hollow silica 
particles by covalent bonds. The curcumin molecules from the 
hybrid material were effectively released by the cleavage of the 
amide bond by the base.  

Patra et al. introduced a novel method for encapsulation of 
curcumin by synthesizing microcapsule containing self-assembled 
Nanoparticles using poly (L-lysine), trisodium citrate and silica 
sol. 92,93  

Micro-curcumin was prepared by PLL mediated self-assembly 
method where the first step involved was ionic-linking of the PLL 
chains with the multivalent counter anions (trisodium citrate) to 

form spherical aggregates.93,94 Due to their net positive charge, 
these aggregates later assisted the congregation of negatively 
charged silica nanoparticles to shape the ordered microcapsule 
structure. In the microcapsules formed, the shell wall consists of 

positively charged PLL chains interspersed with the negatively 
charged silica nanoparticles. Curcumin was added to the PLL 
solution to encapsulate curcumin inside the microcapsules. The 
structure of the microcapsules was found to be dependent upon the 
solubility of curcumin in the solvent environment and such 
microcapsules could only be prepared in neutral and alkaline 
environment. Therefore, it was easy to prepare and purify micro-
curcumin and the process was fast. Poly (L-lysine) is a non-toxic 
and highly stable material that prevents metabolic degradation 
therefore it was used in this method for pH triggered curcumin 
release. The only disadvantage was found to be the size of the 
microcapsules which could affect the cell membrane penetration 
efficiency compared to 100nm particles commonly used in drug 
delivery. 

 
Figure 6. Synthesis of microcapsules encapsulating PLL-mediated 
self-assembled nanoparticles  

 
Hamam et al. prepared curcumin formulation using 

Mesoporous Silica nanoparticles (MPSPs) and oleic acid and 
investigated in vitro penetration through the skin and in vivo anti 
inflammatory and analgesic effects.95 Result showed a very high 
loading efficiency (98.72%) of curcumin which could be 
explained based on chemical interaction. The resultant delivery 
device of curcumin resulted in improved solubility of curcumin  
 

Figure 5. Schematic representation of loading of SiNPs with Curcumin and Fe3O4. 



Parul Pant et. al. 
 

Journal of Materials NanoScience                J. Mat. NanoSci., 2020, 7(1), 1‐18             5

loaded MSNPs in aqueous media and enhanced permeation of 
curcumin through skin. 

Kim et al. designed a drug delivery system aimed to increase 
the stability, bioavailability and sustainability of released 
curcumin through a double encapsulation of the drug into a core 
shell nano matrix combining solid lipid nano particles and 
mesostructured silica.96 

The release of curcumin was found to be pH dependent for both 
stearic acid and cetyl palmitate-based materials due to interactions 
between curcumin and silanols of the mesopore surface.  

Radhakrishnan et al. reported the fabrication of a bioresponsive 
and targeted drug delivery system which utilized MSNPs as the 
drug carrier and chondroitin sulphate as the degradable cap. 97 The 
cap in addition to being biodegradable provides targetability to the 
particles towards CD44 over expressing cells. 

A novel nanocarrier was constructed by combining two kinds 
of drug carrier (MSNPs and F127 micelles) by Xu et al. providing 
a suitable method for the design of multifunctional stimuli-
responsive drug delivery and self-fluorescent imaging systems.98  

The system was fabricated using curcumin loaded micelles 
(F127) as gating agents and fluorescent labels of MSNPs via 
Schiff base. This study provided a potential drug delivery system 
for biomedical imaging diagnosis and simultaneous therapy for 
lesion sites such as cancers.  

In a similar approach, Xu et al.99 developed self-fluorescent and 
stimuli-responsive drug nanocarriers based on curcumin 
gatekeeper on a platform of mesoporous silica nanoparticles with 
large pores for drug delivery. The curcumin gatekeeper was 
anchored to the surface of large pores via thiol-ene ‘‘click” 

chemistry, and the pluronic polymer, F127, was coated to the out 
surface of the nanocarrier by self-assembly through hydrophobic 
interactions to provide a hydrophobic micro-environment. In vitro 
drug release profiles indicated that curcumin could be entrapped 
in the pores with nearly no leakage and induced rapid drug release 
in the existence of GSH at pH 5.5 condition through the 
hydrolysis of β-thioesters. 

Dinda et al.100 reported the synthesis of curcumin loaded 
organically modified silica (ORMOSIL) nanoparticles to vanish 
the major hinderance i.e. poor aqueous solubility for it’s oral 
bioavailability and therapeutic use.  ORMOSIL nanoparticle 
comprises of the non polar core of Tween80/1-butanol/water 
micelles to which sample of curcumin in chloroform was 
dissolved by magnetic stirring.101 At final stage 3-
aminopropyltriethoxysilane was added at room temperature to get 
curcumin loaded ORMOSIL NP. The study aimed at the 
evaluation of the toxicity of ORMOSIL NP to the tumor cells in- 
vitro as well as in-vivo animal tumor models. 

Gangwar et al.102 reported simple wet chemical protocol which 
delineates the conjugation of curcumin with silica nanoparticle. 
For the synthesis of this conjugate simple modified Stober73 
method was followed. 

This conjugation was also examined against the cancerous lines 
and primary cell lines which showed its potential application in 
biomedical domain. 

Jin et al.91 prepared curcumin-immobilized mesoporous hollow 
silica nanoparticles (C-MHSP) using a self-assembled alanine-
based amphiphile as a template and then  functionalization with 
curcumin molecules that are covalently  attached to the internal 

Figure 7. Preparation of Curcumin loaded MPSP’s. 

 
Figure 8. Synthesis of curcumin loaded nano matrix combining solid lipid nanoparticles and mesostructured silica. 
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surface of the nanoparticles. In their study, they reported the 
selective immobilization of organic functional molecules at the 
inner surface of MHSP, and described the operation of a novel, 
biocompatible, controlled-release of the cargo molecule. 

Bolluet al.103 synthesized two different silica based (MSU-2 and 
MCM-41) curcumin loaded mesoporous materials namely V3 and 
V6. Both materials were found to be biocompatible while 
exhibiting significant cytotoxicity in different cancer cell lines. 

Studies conducted with the materialsshowed slow andsustained 
release of curcumin, which could be proved as alternative 
treatment strategies for cancer therapy through nanomedicine 
approach. Firstly, preparation of non-functionalized mesoporous 
silica materials is performed in accordance with previously 
reported synthetic protocol.76,104 In order to enhance the loading 
efficiency of  curcumin, Bollu et al.103 in their study preformed 
two step functionalistion of MSU-2 and MCM-41, silica based  

Figure 9. Synthesis of F127 micelle gated curcumin loaded SiNPs for multifunctional stimuli-responsive drug delivery and self-fluorescent 
imaging systems 

 
Figure 10. Synthesis of curcumin loaded organically modified silica (ORMOSIL) nanoparticles by Dinda et al. 100 
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materials (MSU-2 and MCM-41) were initially functionalized 
with 3-chloropropyltriethoxysilane followed by amine 
functionalization with polyamino ligand (tris (2-aminoethyl) 
amine) and finally the loading of curcumin to these silica based 
materials. 

Daryasari et al.105 prepared normal and large pore size 
mesoporous silica nanoparticles (NMSNs and LMSNs) by co-
condensation method and coated with (3-
aminopropyl)triethoxysilane (APTES) to prepare amine 
functionalized MSNs (MSN-NH2). Then conjugated with succinic 
anhydride (SA) to obtain carboxylic acid functionalized MSNs 
(MSN-COOH). Curcumin (CUR) was loaded into the synthesized 

MSNs with two different pore size and their loading capacity and 
efficiency were compared. Chitosan (CS), a pH-sensitive polymer, 
was also conjugated to folic acid (FA) as an active targeting agent 
and then coated on the surface of carboxylic acid enriched MSNs. 
Studies confirmed the selective targeting and successful delivery 
of CUR by the designed MSNs and suggested LMSN-COOH-
CUR@CS-FA as a promising candidate for targeted hydrophobic 
anticancer delivery. 

Sanghoon et al.106 were able to design microcapsules (MC) 
combining a core of solid lipid nanoparticle (SLN) and a 
mesoporous silica shell and explored  them as oral delivery 
system of curcumin.It was found that SLN acts as reservoir of  

Figure 11. Synthesis of curcumin conjugated SiNPs (yellow coloured product) by Gangwar et. al. (ref. 102) 

 

Figure 12. Synthesis and functionalization of C-MHSP using self-assembled alanine-based amphiphile as a template91 
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 curcumin while themesoporous shell insures the protection and 
the controlled release of the drug. These findings suggest that 
organic core-silica shell microcapsules are promising drug 
delivery systems with enhanced bioavailability for poorly soluble 
drugs.The resulting hybrid silica microcapsules showed pH-
dependent curcumin releaseas the stability of lipid core has been 
shown to have a correpondance with pH value. 

Dejian et al. prepared curcumin-loaded mesoporous silica 
incorporated nanofiber mats using blend electrospinning of 
curcumin-loaded mesoporous silica nanoparticles (CCM-MSNs) 
and polyvinyl pyrrolidone (PVP) for hemostasis.Thedetermination 
of structure, biocompatibility and antibacterial activity was done, 
especially focusing on the hemostatic effect using an in vivo liver 
injury model. The hybrid nanofiber mats were shown to exhibit 
enhanced in vitro antibacterial effects against methicillin-resistant 
Staphylococcus aureus (MRSA).107 

3.	CHARACTERIZATION	OF	NANOPARTICLES	

The effort to prepare Silica NPs with precisely controlled 
physicochemical properties has been of utmost importance as the 
excellent control over syntheses is the prerequisite for the 
biomedical application of silica NPs. So, the availability of 
techniques that allow the characterization of their physical and 
chemical properties at the nanoscale is as important as their 
synthesis itself. Nanoparticles are generally characterized by their 
size, shape, morphology and surface charge. The average particle 
diameter, their size distribution and charge affect the physical 

stability, the toxicity, physical stability and the in vivo distribution 
and redispersibility of the nanoparticles. In this section we discuss 
various techniques  employed over the years to examine and 
verify  the physical characterstics of the synthesized Silica NP’s. 

3.1.	PARTICLE	SIZE		

The size of nanoparticles as well as the uniformity, are two 
important parameters of a drug delivery system based on 
nanoparticles, as they determine the in vivo distribution, toxicity, 
and targeting ability.108-110 More importantly, altering their size 
can influence drug loading, drug release, and in vitro and in vivo 
stability. There are several tools for determining nanoparticle size 
like Dynamic Light Scattering (DLS) or Photon-correlation 
Spectroscopy (PCS), Atomic Force Microscopy etc. The fastest, 
most advanced and one of the popular method of determining 
particle size is photon-correlation spectroscopy (PCS) or dynamic 
light scattering (DLS). DLS is used to determine the size of 
Brownian nanoparticles in colloidal suspensions in the nano and 
submicron ranges. Shining monochromatic light onto a solution of 
spherical particles in Brownian motion causes a Doppler shift 
when the light hits the moving particle, changing the wavelength 
of the incoming light. This change is related to the size of the 
particle. This relation helps to extract the size distribution and 
gives a description of the particle’s motion in the medium, 
measuring the diffusion coefficient of the particle and using the 
autocorrelation function. The photon correlation spectroscopy 
(PCS) represent the most frequently used technique for accurate 

           
Figure 13. Synthesis of curcumin loaded MSU-2/MCM-41 by Bollu et al.103
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estimation of the particle size and size distribution based on 
DLS.111 Other important technique, Atomic force microscopy 
(AFM) offers high resolution in particle size measurement which 
involves physical scanning of samples at sub-micron level using a 
probe tip of atomic scale.112 AFM provides the most accurate 
measurements  of size and size distribution. It requires no 
mathematical treatment and singly provides a real picture of size 
of the particles which helps largely in the study of its biomedical 
behavior. Singh et al. measured particle size and zeta potential of 
drug loaded SiNp using a Zetasizer Instrument.113 

 

 
Figure 14. Representative (A) dynamic light scattering and (B) 
transmission electron microscopic images of the gadolinium oxide-
doped and DNA-coated silica NPs. (Reproduced with permission 
from Ref. 166. Copyright 2011 Nanomedicine: Nanotechnology, 
Biology, and Medicine) 

3.2.	PARTICLE	SHAPE	AND	SURFACE	MORPHOLOGY	

The shape of nanoparticles is of equal importance as their size 
in drug delivery. For example, spherical nanoparticles are good 
candidates for drug delivery, but anisotropic structure of NPs can 
sometimes provide higher efficiencies because of their larger 
ratios of surface area to volume. Even the slightest changes in the 
shape and surface morphology of the NPs can adversely effect the 
parameters of its biocompatiabilityand  also the drug 
encaplsulation and targeting. In addition to both size and shape, 
the surface characteristics of nanoparticles represent another 
critical parameter in determining their drug-loading efficiency and 
release profile, circulation half-life, tumor targeting, and clearance 
from the body. Electron microscopy (both SEM & TEM) 
techniques are very useful in determining the overall shape of 
synthesized nanoparticles. AFM also can give a characterstic 
image of the shape and even the delicate microstructure of the 
nanoparticles. Without any specific pre-treatment. The techniques 
based on electron microscopy offer several benefits in 
morphological and sizing analysis; but, they convey limited 
information about the size distribution. Scanning electron 
microscopy (SEM) gives morphological surface examination with 
direct visualization of the surface. The surface characteristics of 
the sample are obtained from the secondary electrons emitted 
from the sample surface. The nanoparticles sample dry powder 
should be prepared first and then investigated using SEM. The 
NP’s should also be able to withstand vacuum for the 
examination. The mean size obtained by SEM is comparable with 
results obtained by DLS. SEM techniques are time consuming, 
costly and frequently need complementary information about 
sizing distribution.114 TEM operates on different principle than 

SEM, yet it often brings same type of data. The sample 
preparation for TEM is complex and time consuming because of 
its requirement to be ultra-thin for the electron transmittance. 115 
By utilizing more sophisticated microscopy techniques, surface 
images are constructed using a physical probe that scans the 
specimen in order to view the chemical composition near the 
surface of the nanocomposites.116,117 In other techniques, often 
used is the Solid-state NMR spectroscopy,that can confirm the 
covalent grafting of organic functionalities onto silica NP 
surfaces.115 The crystalline structure and the phase purity of 
(modified or simple) silica NP’s are determined using X-Ray 
Diffraction. The diffraction peak positions of Silica NPs and drug 
(Curcumin) loaded Silica NPs can be studied simultaneously 
using XRD and change in their ordered crystalline structure can  
be verified. Jambhrunkaret al. and group reported that mesoporous 
silica nanoparticles (MCM-41) before and after Curcumin 
encapsulation showed same diffraction peak positions in XRD 
analysis, demonstrating the retention of the ordered structure.118 
Also, TGA was employed to predict the thermal stability, 
moisture content and possible decomposition of  drug and 
functionalities in/on the nanoparticles. The physical state of the 
nanoparticles can be characterized using Differential Scanning 
Calorimetric studies (DSC Thermogram Analysis). 

Ideally, the NPs should have a hydrophilic surface to resist the 
adsorption of plasma proteins and escape the uptake by 
macrophages.119 The Surface hydrophobicity of the NPs can be 
characterized by various techniques like Hydrophobic Interaction 
Chromatography (HIC), Biphasic Partitioning, adsorption of 
probes and contact angle measurements. Moreover, several 
advanced and sophisticated analytical techniques are reported in 
literature for surface study of nanoparticles. X–ray Photon 
Correlation Spectroscopy (XPS) and Energy-Dispersive X-ray 
Fluoroscence Spectroscopy (ED-XRF) permits the identification 
of specific chemical groups on the surface of nanoparticles.120 

Other than that Nitrogen adsorption/desorption isotherms for 
determination of active surface area can be done. Some groups 
calculated mesopore size distribution by the BJH (Barret, Joyner, 
Halenda) method.113 

 

 
Figure 15. (A) Transmission electron microscopic image and (B) 
dynamic light scattering of silica nanoparticles coencapsulating 
gadolinium oxide and horseradish peroxidase.(Reproduced with 
permission from Ref. [167]. Copyright 2012 International Journal of 
Medicine) 

3.3.	SURFACE	CHARGE	

The zeta potential of a nanoparticle is commonly used to 
characterize its surface charge.121 Actually, it is an indirect 
measure of the Surface Charge of the particle. The Zeta Potential 
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of the surface reflects the electrostatic potential of a particle and is 
influenced by the composition of the particle as well as the 
medium in which the nanoparticle is suspended. The 
characterization of nature and intensity of the surface charge of 
nanoparticles is very important as it governs their interaction with 
the biological environment as well as their electrostatic interaction 
with bioactive compounds. For example, it is a general accepted 
and experimentally proven  fact that nanoparticles with a cationic 
charge would induce more immune response and cytotoxicity than 
the neutral and anion counterparts but are advantageous for 
transvascular transport in tumors, whereas particles with a neutral 
charge show favorablly long circulation times and interstitial 
transport in tumors.122-123 High zeta potential values, either 
positive or negative, should be achieved in order to ensure 
stability and avoid aggregation of the particles. The quantitative 
measurement of surface hydrophobicity can also be predicted 
from the values of zeta potential. It can also provide information 
about the nature of material encapsulated in the nanocapsules or 
functionalized on the surface of the nanoparticles. 124 The most 
common technique used for the measurement of Zeta Potential is 
using a Zetasizer  which works on the principle of quasi-elastic 
light scattering. Use of Malvern Zetasizer Nano ZS, Malvern 
Instruments Ltd., U.K. has been reported in works of Singh et al. 
and Mohanty et al. for the measurements of Zeta Potential of 
nanoparticulates.113,125 Siddharth et al. characterized the zeta 
potentials of  mesoporous silica NPs and their surface 
functionalized counterparts , compared and reported  the results.118 

3.4.	DRUG	LOADING	

A successful drug-delivery system using nanoparticles should 
have a high drug-loading capacity to minimize the quantity of 
materials and increase the efficiency needed for administration. 
The efficiency of drug loading and entrapment in a nanoparticle is 
determined by the properties of both the drug molecules and the 
carrier material i.e. nanoparticles. The drug loading of the 
nanoparticles is generally defined as the amount of drug 
encapsulated per mass of NPs (usually moles of drug per mg NPs 
or mg of drug per mg NPs). More widely used parameters used for 
drug loading characterization are Encapsulation Efficiency or 
Entrapment Efficiency (EE) and Drug Loading (DL) content 
determined by following equations. 

 
EE (%) = 100 × (Total amount of curcumin − Free curcumin)/ 

Total amount of curcumin  
DL (%) = 100 × Weight of curcumin in nanoparticle/ (Weight of 

the curcumin in nanoparticle + Weight of nanoparticle)   

 
The techniques used for this analysis of above parameters is 

classical analytical techniques such as UV spectroscopy or High 
Performance Liquid Chromatography (HPLC) after 
ultracentrifugation, ultra filtration, gel filtration, or centrifugal 
ultrafiltration [126]. Quantification is performed with the UV 
spectroscopy, HPLC or Fluorimetry. Absorption and Fluorescence 
spectra of Silica NPs, free drug (Curcumin) and Curcumin 
functionalized/encapsulated Silica NP’s can be studied using an 
absorption spectrophotometer and Fluorimeter respectively. The 

concentration of free curcumin in the solvent can be determined 
by comparing with the standard curve obtained by measuring the 
absorbance of known concentrations of Curcumin in appropriate 
solvent (like DMSO). 113 The unknown terms in the two equations 
on RHS can be easily then determined using above methods. 

The surface functionalization and modification, encapsulation 
of Curcumin can also be verified by FTIR analysis. 118 FTIR helps 
in identifying the nanocomposites via the analysis of functional 
groups. It can also be used to study the interactions between the 
drug and the nanoparticle’s matrix. 

Jiahao et al prepared highly ordered mesoporous silica 
nanoparticles (MSNs) with etching method and then coated 
homogeneous PEGylated lipid bilayer with 10–15 nm thickness 
around the surface of MSNs using film hydration method. 
Systematic optimization and characterization of co-encapsulation 
process of curcumin into PEGylated lipid bilayer coated 
mesoporous silica nanoparticles (PLMSNs) was performed 
carrying out single factor test, associated with Box-Behnken 
Design. The concentration of encapsulated drugs was measured by 
reversed phase high performance liquid chromatography (RP-
HPLC) method. 127 

4.	BIOCOMPATIBILITY	

The most important factor in the design of Curcumin loaded 
Silica Nanoparticle for in vivo application is the biocompatibility 
of the Nanoparticle itself as it the one acting as drug carrier or 
vehicle. It’s the nanoparticle which is in contact with the 
biological fluids like blood and other biological components. For 
in vivo biomedical applications, the particles should fully perform 
the desired function and avoid non-specific and deleterious 
changes to the body’s biological system. At conference of the 
European Society for Biomaterials in 1986, the word “biocom-
patibility” was defined as “the ability of a material to perform 
with an appropriate host response in a specific application”. But in 
present context the scope of biocompatibility widens and “being 
biocompatible” means that the nanoparticle must have limited 
toxicity to the organism’s system at its effective dose, it must be 
able to perform its function without interference from the 
organism’s healthy mechanisms, and it must be able to circulate 
sufficiently long to accomplish its intended task. While discussing 
the biocompatibility of Curcumin loaded Silica particles all the 
physical factors such as their size, shape, structure, surface 
characterstics and the toxicity of Silica NPs  comes into 
consideration. The biocompatiability of the nanoparticle ensures 
the effectiveness of the Curcumin loaded Silica Nanoparticles. 

Many researchers have observed that the cytotoxicity of silica 
NPs is size dependent. 128-134 Mou et al. reported the effect of 
particle size on the cellular uptake of mesoporous by Hela cells.135 

The cellular uptake is size-dependent in the order   50 nm > 30 nm 
> 110 nm > 280 nm > 170 nm. The cellular uptake of 50 nm 
nanoparticles by Hela cells was about 2.5 times higher than that of 
30 nm particles and thus, these 50 nm particles showed maximum 
cellular uptake.136,137 The cellular uptake indirectly defines how 
much drug is released into the cells depending of the Drug 
Loading Efficiency of the Curcumin Loaded Silica Nanoparticles. 
Gao et al. studied the cellular uptake and cytotoxicity of 
monodisperse 80 nm and 500 nm silica NPs in the human dermal 
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fibroblasts.130 The studies reflected that cell viability and 
mitochondrial membrane potential are more strongly affected by 
the smaller NPs than the larger NPs, but the adhesion and 
migration ability of the fibroblasts are impaired by NPs of both 
sizes. Shi et al.  the in vivo biodistribution and urinary excretion 
of spherical mesoporous silica NPs with a size of 80, 120, 200, 
and 360 nm.138 They found the particles of smaller size had longer 
blood-circulation lifetime and the excretion from urine remarkably 
increased with the increase of particle size, which may reflect the 
in vivo degradation rates. Passagne et al. reported in his research 
that 20 nm nonporous silica NPs are more toxic than 100 nm NPs 
and concluded that cytotoxicity is associated to stress oxidative 
with up-production ROS and lipid peroxidation [134]. Lin et al. 
reported that porous silica particles (25, 42, 93, 155, and 225 nm) 
caused a concentration and size dependent hemolytic activity.139 
The smaller particles have higher hemolytic activity than the 
larger ones.  

In vitro studies have shown that the surface characteristics of 
silica NPs also plays an important role in their 
cytotoxicity.128,130,140-143 Brown et al. reported that uncoated silica 
NPs induce an increased release of lactic acid dehydrogenase and  

           

  
Figure 16. Dependency of biocompatibility of modified silica 
nanoparticles on various parameters.   

 
interleukin-8, but when PEGylated , this effect is reduced. 144 

Polyethylene glycols (PEGs) can form a hydrophilic layer around 
particles with increased dispersity and can greatly increase the 
half-life by delaying opsononization (association with opsonin 
serum) which makes them the most efficient surface modification 
[145]. Chang et al. observed that the cytotoxicity of silica NPs to 
various human cells can be reduced by modifying their surface 
with chitosan (which bears amino groups).143 But Oh et al. studies 
contradict this and reports that amine-functionalized silica NPs 
with positively charged surfaces are more toxic to macrophage 
J774A.1 cells than silica NPs with anionic or neutral surface 
charge.128 These contradictory results may be explained by the fact 
that the effects of the physicochemical properties of silica NPs on 

cytotoxicity are also cell-type dependent.143 Yu et al. evaluated the 
impacts of geometry, porosity, and surface charge of silica NPs on 
cellular toxicity and hemolytic activity in their studies. 140 They 
observed that  surface charge and porosity of the NPs are the 
major factors that affected the cellular association and cytotoxicity 
of the silica NPs. Nonporous silica nanoparticles are less toxic 
than mesoporous silica nanoparticles and this was demonstrated in 
the studies of  Herd et al.146 In another study, Rabolli et al. 
observed the effect of silica NP size, surface area, and 
microporosity on in vitro cytotoxic activity in four types of cells: 
macrophages, fibroblasts, endothelial cells, and erythrocytes. The 
physicochemical parameter that governs the response to the NPs 
varies by cell types, which again supports the fact that cell type 
plays an important role in determining the in vitro toxicity. The 
various results of their research were as follows: in murine 
macrophages, the cytotoxic response increases with external 
surface area and decreases with micropore volume; in human 
endothelial cells and mouse embryo fibroblasts, cytotoxicity 
increases with increasing surface roughness and decreasing 
diameter; in human erythrocytes, hemolytic activity increases with 
particle diameter. 147 

6.	THERAPEUTIC	APPLICATIONS	

The pharmacological properties of curcumin have been 
subjected to detailed research in recent years. It is evident that 
multi-faceted mechanisms of curcumin result in its vast 
contribution to a diversity of effects on biological systems. 
Curcumin has been shown to have significant vitro antioxidant, 
diabetic complication, antimicrobial agent, neuroprotective, anti-
cancer, antithyroid, cancer cells detection of hypochlorous acid, 
wound healing, treatment of major depression, healing of 
paracentesis, and treatment of carcinoma and optical detection of 
pyrrole properties.  

To improve the poor biopharmaceutical properties of curcumin, 
its aqueous solubility has to be improved. This can be done using 
nanocarriers such as SiNPs for targeted delivery of drugs. A 
successful formulation of drug delivery system involves preparing 
carrier system capable of encapsulating the desired drug within its 
structure and then delivering the drug to the cancerous tissue in its 
active form. Most nanoformulations are administered parenterally. 
However, noninvasive routes of administration such as oral, 
transdermal and pulmonary are preferred for patients. The 
appropriate route of administration depends upon the targeted 
region in the body and the characteristics of the formulations.    
Therapeutic regimen of curcumin loaded SiNPs is pronounced 
in: 

Ma'mani et al. synthesized Curcumin loaded guanidine 
functionalized PEGylated I3ad mesoporous silica nanoparticles 
KIT-6 as an efficient drug delivery system for breast cancer cells. 
This new system exhibited high drug loading capacity, sustained 
drug release profile, and high and long-term anticancer efficacy in 
human cancer cell lines. It showed pH responsive controlled 
characteristics and highly programmed release of curcumin 
leading through the results in in vitro breast cancer therapy. The 
results depicted that pure nanoparticles have no cytotoxicity 
against human breast adenocarcinoma cells (MCF-7), mouse 
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breast cancer cells (4T1), and human mammary epithelial cells 
(MCF10A).148 

In another study by Chen et al.novel multifunctional MSN with 
folate (FA) receptor-targeting functionality and intracellular pH-
responsive release properties were constructed and examined for 
controlled release of curcumin. Compared to the native parent 
drug, this nano-delivery system improved solubility and 
biocompatibility of curcumin under physiological conditions. 
Studies showed that the FA-MSN N=C-Cur could effectively 
target to FA-receptor-rich MCF-7 cells via FA receptor-mediated 
endocytosis and showed significantly higher cytotoxicity to MCF-
7 cells than to FA receptor deficient HEK-293T cells, mainly due 
to the high efficiency of cellular uptake by FA receptor-mediated 
endocytosis and subsequent pH-triggered curcumin release in the 
targeted cells.149 

Wang et al. assessed the curative effect of a potential 
nanoformulation, i.e. Cur-loaded and calcium-doped dendritic 
mesoporous silica nanoparticles modified with folic acid (Cur-
Ca@DMSNs-FA) for breast cancer therapy. They developed 
multifunctional dendritic mesoporous silica nanoparticles 
(Ca@DMSNs-FA). Studies demonstrated that this delivery system 
promoted intracellular delivery of Cur and enhanced the 
anticancer effect against MCF-7 breast cancer cells, mainly due to 
the targeted delivery, pH responsible drug release, excellent 
biocompatibility, and higher bioavailability.150  

Cytotoxicity of organically modified silica nanoparticle-
curcumin complex conjugated with hyaluronic acid (HA-SiNP-
cur) was investigated by Surya Prakash Singh et al. in human 
colon carcinoma cells. Curcumin was loaded in SiNPs and 
resulting complexes were conjugated with HA, which has a strong 
affinity for cancer cells expressing CD44.The study showed that 
the conjugation of SiNPs-curcumin complex with oligomers of 
HA results in enhanced uptake of curcumin possibly through 
CD44 mediated endocytosis and improvement in cytotoxicity in 
colon carcinoma cells.113  

Nuclear factor kappa B (NF-ĸB) is a ubiquitous transcription 
factor which plays a critical role in the immune system and 
controls the expression of various cytokines and the major 
histocompatibility complex gene. Curcumin has been shown to 
target and inhibit activated NF-ĸB to restrict tumor cell growth in 
various cancer types. 151-153 This phenomenon is amplified by 
using curcumin loaded SiNPs, resulting in increased preferential 
cytotoxicity to cancer cells. The results of studies done by 
Vishwnatha et al. 88 indicated that LNCaP cells treated with 
curcumin loaded PLGA SiNPs showed a distinct decrease in NF-
ĸB activity, possibly due to absence of NF-ĸB binding to the 
kappa oligonucleotide. Therefore, this curcumin loaded PLGA 
nanoparticle might be a better therapeutic approach than free 
curcumin for treating prostate cancer. 

A novel delivery system of curcumin through transdermal route 
using sub-micronized particles composed of MSNPs and oleic 
acid was prepared by Hamam et al.95 The in vitro penetration of 
the MSNPs through the skin and in vivo anti-inflammatory and 
analgesic effects were studied. The results showed high loading 
efficiency (98.72%), significantly enhanced curcumin penetration 
through the rabbit skin. Anti-inflammatory study using formalin 
induced mouse oedema assay clearly showed that curcumin 

encapsulated into MSNPs had anti-inflammatory effect, while 
analgesic effect was carried out using the standard Eddy's hot 
plate assay. Curcumin formulation showed higher analgesic 
activity compared to the placebo as indicated by higher response 
time. 

Curcumin loaded mesoporous silica–chondroitin sulphate 
hybrid nanoparticles prepared by Radhakrishnan et al.97 proved 
promising as a drug delivery system. This was demonstrated using 
a cervical cancer line. On interacting with cancer cells, the 
chondroitin sulphate present on the surface recognized and 
attached onto the CD44 receptors facilitating the uptake of these 
particles. The phagocytized particles were then exposed to the 
degradative enzymes, such as hyaluronidase present inside the 
cancer cells, which degraded the cap resulting in drug release. It 
was observed that the system can enhance the anticancer activity 
of the hydrophobic drug curcumin. 

A protease called trypsin is overexpressed in certain cancers 
such as leukemia, colon cancer, and colorectal cancer. 
Mesoporous silica nanoparticle (MSN)−protamine hybrid system 
(MSN−PRM) was fabricated by Radhakrishnan et al. 154 which 
selectively released drugs in presence of trypsin. On exposure to 
the enzyme trigger (trypsin), the protamine cap disintegrated, 
opening up the molecular gates and releasing the entrapped drug 
molecules. The system exhibited minimal premature release in the 
absence of the trigger and selectively released the encapsulated 
drugs in the presence of the proteases secreted by colorectal 
cancer cells. The ability of the MSN–PRM particles to deliver 
anticancer drugs to colorectal cancer cells was demonstrated. 
Curcumin-loaded MSN–PRM nanoparticles were incubated with 
colorectal cancer cells (COLO 205), and the cell viability was 
studied using an MTT assay.Enhanced anticancer activity of 
curcumin in MSN–PRM was observed which may be due to the 
slow release of curcumin into the acidic intracellular compartment 
from MSN–PRM aiding in better stabilization as opposed to free 
curcumin, which is easily prone to hydrolytic degradation. 

Amino-functionalized silica nanoparticles loaded with 
curcumin weresuccessfully synthesized via sol-gel approach, the 
targeting ligand, folate, was covalently attached to amino groups 
of nanoparticle surface through amide bond formation. 155 The 
cytotoxic effect of nanoparticles on prostate cancer cells line was 
evaluated and compared to normal cells line (prostate epithelial 
cell). Cytotoxicity experiments demonstrated that folate-
functionalized nanoparticles were significantly cytotoxic to tumor 
cells, whereas normal cells were much less affected by the 
presence of these structures. 

Huang et al. functionalized beta cyclodextrin hydrate (β-CD), a 
hydrophilic non-toxic carrier for hydrophobic drugs, inside 
magnetic mesoporous silica as the physical binding sites for the 
model drug curcumin. Studies and various characterization 
explored the fabrication of two kinds of bifunctionalizednanostars 
for the delivery of nano-formulations of the curcumin drug, in 
which the drug delivery nanocarriers could effectively increase the 
cytotoxicity to cancer cells, such as SK-HEP1 cells and HepG2 
cells, compared with free curcumin, in order to kill them more 
effectively.156 

Amino-functionalized curcumin-loaded SiNPs were prepared 
by Oliveira et al. which were found to have bactericidal activity 
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when evaluated against E.coli, a typical gram-negative bacterium, 
using viable cell count method. Based on the observations it was 
concluded that, since, amino group provides positive charge to the 
nanoparticle surface, they are better attracted by and able to 
interact with negative cell surface resulting in superior 
antimicrobial activity by suppressing the biosynthesis of the cell 
wall, disrupting the mass transport and accelerate the death of the 
bacteria. As curcumin is also negatively charged, this 
functionalization lead to better loading of curcumin as well, 
resulting in further increase of the bactericidal activity. Thus, 
nanoparticle surface properties were modified to enhance 
biological response and generate a tailored dual bactericidal 
system to substitute conventional antibiotics.157 

α-Synuclein (α-Syn) is a protein found to accumulate in Lewy 
bodies, or protein clumps which cause toxic effects in the brain of 
the patients suffering from Parkinson’s disease and often leads to 
neuronal death. Curcumin is shown to exhibit therapeutic effect 
against such neurological diseases, but its applications are limited 
by its poor aqueous solubility and bioavailability. Taebnia et al. 158 
developed curcumin loaded amine-fuctionalized SiNPs which 
were shown to have increased drug loading efficiency and 
enhanced stability and reduced toxic effects of the drug. It was 
also revealed that α-Syn species interacted strongly with the 
curcumin loaded amine-fuctionalized SiNPs, leading to a 
significant inhibition of the fibrillation process and reduced its 
cytotoxicity-associated effects. 

The overexpression of P-glycoprotein (P-gp) and the capture of 
drugs in endolysosomesposes a major problem of multidrug 
resistance (MDR) in chemotherapy. Sun et al. 159 reported peptide 
(GFLGHHHRRGDS)-functionalized mesoporous silica 
nanomedicine (MSN) for encapsulation of curcumin (CUR) and 
doxorubicin (DOX) with high-loading efficiency to significantly 
reverse the MDR in consequence of rapid endolysosomal escape 
and the inhibition of P-gp function. Confocal fluorescence 
imaging, flow cytometry and MTT assays demonstrated that the 
combination of CUR and the peptide-functionalized MSN 
markedly enhanced the intracellular DOX concentration and 
achieved a successful chemotherapeutic treatment to MCF-7 or 
MCF-7/ADR cells, working as an effective strategy to overcome 
MDR. 

Singh et al. investigated the relative uptake efficacy and 
phototoxic potential of curcumin organically modified silica 
nanoparticle complexes and free curcumin in multicellular 
spheroids of human oral cancer cells by spectroscopy. The results 
showed that silica nanoparticles loaded with curcumin could 
penetrate better in oral cancer spheroids compared to free 
curcumin and the efficacy of uptake was found to be higher for 
small (∼195 μm) spheroids. Further exposure to light amplified 
the antimetastatic ability in small spheroids and enhanced the 
generation of ROS scavengers. Therefore, it can be concluded that 
curcumin loaded SiNPs and light treatment could be effective for 
small avascular tumors of oral cancer.160 

Xiubin Xu et al. fluorescent mesoporous silica nanoparticles 
curcumin polymer which was able to  multiple function of acting 
as fluorescent agent, increasing the drug loading ratio of 
curcumin, and controlling the opening and closing of the pores. 
Author   proposed the idea of development of smart and self-

fluorescent drug nanocarrier   for imaging and cancer therapy after 
getting positive results.161 

Cheng et al. developed mesoporous silica nanoparticle 
approach for neurodegenerative therapy. This approach involved 
targeted co-delivery of Curcumin to protect Reactive oxygen 
species cell damage. The group proposed the curcumin modified 
nanoparticle has the ability to slowdown or prevent neurological 
disorders such as Alzheimer’s, Parkinson’s etc.162 

Hadisoewignyo et al. designed an oral curcumin-MSN drug 
delivery system which exhibited strong anti-inflammatory 
properties with very low side effects. The group proposed use of  
curcumin modified Mesoporous silica nanoparticles as drug for 
treatment of diseases like cancer, diabetes etc.163 

Li et al. synthesized Homogeneous PEGylated Highly 
ordered mesoporous silica nanoparticles (MSNs) co-encapsulated 
with Paclitaxel (Tax) and Curcumin (Cur). In-vitro release 
experiments of the curcumin and paclitaxel modified silica 
nanoparticles revealed definite and persistent cytotoxic effect 
against canine breast cancer cells.164 

So far, the emphasis of these nanoparticles is particularly on the 
treatment of cancer, but some studies have shown that the 
nanoparticles also have potential for the treatment of the other 
chronic and life threatening diseases including Alzheimer, 
diabetes, infections, as well as different liver, kidney and 
cardiovascular diseases. Extensive human clinical trials must be 
conducted to establish the safety, especially after chronic and 
repeated use and effectiveness for treatment of cancer and other 
diseases.   

CONCLUSION		

This review presents an updated summary on the various 
advances undertaken in the field of Nanomedicine and Nano drug 
delivery. It throws lights on the anti-cancer and anti-inflammatory 
effects of Curcumin and Curcumin loaded Silica Nanoparticles. 
Curcumin, an otherwise versatile drug, has low solubility in 
aqueous solvents which leads to its rapid elimination from the 
body. This property further limits the therapeutic potential of 
Curcumin related drugs. However, conjugating it with Silica 
Nanoparticles improves its aqueous solubility and makes it more 
bioavailable. 
The silica curcumin conjugate provides a unique drug delivery 
platform paving way for the development of powerful 
nanomedicine. This helps in early diagnosis and specific 
personalized therapy of many other diseases such as various 
tumors, diabetes, rheumatoid arthritis, multiple sclerosis, 
Alzheimer’s etc. 

Thus, Curcumin loaded Silica Nanoparticles have tremendous 
potential in the field of nano drug delivery, it is only a matter of 
time before they change the face of modern medicine. 
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