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ABSTRACT 
 
Drug delivery is mostly done via smart systems and with more effective control as 
compared to traditional drug delivery methods. In this regard, the slow and 
intermittent release of the drug is widely done via porous silica nanoparticles. On 
the other hand, medical herbs have unique properties that make them ideal 
candidates for the replacement of chemical drugs. Curcumin extracted from 
turmeric has anti-pain and anti-inflammatory properties. In this study, MCM-48 
mesopores and its modified form as a drug carrier were studied to deliver the 
Curcumin extracted from turmeric plant. To this end, the MCM-48 was first 
synthesized and then modified with 3-Aminopropyl Triethoxysilane to produce 
APTES/MCM-48 mesopore. The XRD, BET, FT-IR, SEM, and TEM analysis showed 
that the MCM-48 was well synthesized and its surface was successfully modified. 
In order to evaluate the delivery of Curcumin using MCM-48 and APTES/MCM-48 
mesopores, the turmeric extract was first produced using maceration method. 
HPLC analysis showed that turmeric extract contained 1.19 % of Curcumin, which 
is in agreement with the literatures. Subsequently, the MCM-48 and APTES/MCM-
48 mesopores were loaded with Curcumin in Turmeric extract. Eventually, the 
release of Curcumin was investigated in SBF buffer by UV-Vis study at 425 nm. The 
results indicated that APTES/MCM-48 has obtained a more drug loading capacity 
as well as more controlled release pattern compared to the release from MCM-48. 
This study showed that, the modification of the surface of MCM-48mesopore 
results in the smart control of Curcumin release. Accordingly, APTES/MCM-48 
mesopore is a good candidate for the smart delivery of Curcumin in turmeric 
extract. 
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INTRODUCTION 
 
Mesopores 
 
Controlled drug release systems are of great interest today. 
In these systems, the drug molecule is slowly released and 
the changes in the drug concentration could be neglected 
(Jain, 2008; Mitragotri and Lahann, 2009). Improvement of 
drug delivery techniques which reduces toxicity and leads 
to a higher drug effectiveness has many potential benefits 
for patients.  Different methods have been suggested by 

scientists to deliver a drug to the circulatory system or the 
target organism (Hillery et al., 2001; Siepmann et al., 2012). 
One of these methods is the application of carriers (Tang et 
al., 2008). Generally, carriers can be categorized into two 
major categories of organic and inorganic carriers. 
Dendrimers (Caminade and Turrin, 2014; Fréchet, 2003), 
Liposomes (Allen and Cullis, 2013; Chonn and Cullis, 1995),  
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Hydrogel carriers(Lin and Metters, 2006; Qiu and Park, 
2001), magnetic nanoparticles(Laurent et al., 2008; Osaka 
et al., 2006), and Nanopores are some of the carriers that 
can be mentioned. Nanopores with holes between 1-100 
nm diameter wide and a very large surface area have very 
high potentials in absorption and interaction between 
atoms, molecules and ions and have reached great 
theoretical and practical significance (Polarza and Smarsly, 
2002). Based on the IUPAC, nanopores materials are 
divided into the three major categories of micropores (Gao 
et al., 2014), mesopores (Wang et al., 2001), 
macropores(Schroden et al., 2001). Mesopores are 
materials with holes wider than 2nm and surface area of 
1000 m2/g. Distribution of the molecules are fast in these 
holes due to the large size of the holes; thus have greater 
absorption capacity rather than mesopores materials 
(Collart et al., 2001; Corma, 1997).The unique 
characteristics of these compounds have caused them to be 
used in so many areas such as catalysis, separation process, 
membrane fabrication and drug delivery (Cassiers et al., 
2002; Schumacher et al., 2000). MCM-48 mesopores is one 
of the most used members of the silicate mesopores group 
which was studied (Ravikovitch and Neimark, 2000). This 
large mesopores is a three-dimensional carrier in a cubic 
porous form belonging to the spatial group of Ia3d. Due to 
this three-dimensional structure, the inner surface of this 
substance is more easily available for guest molecules and 
is obstructed less than MCM-41(Anderson, 1997; Castruita-
de Leon et al., 2015). By changing the length of surfactant 
chains, the inner surface area of this substance can be 
increased to 900-1300 m2 and the internal volume to 0.9-
1.3 cm3/g.  XRD pattern of this compound consists of 
several peaks and matches with the symmetry group of 
Ia3d (Meynen et al., 2009; Oye et al., 2001).  

A research was conducted by Barba et al. in 2005 in 
which the drug delivery of Ibuprofen and Erythromycin 
from sample tissue of MCM-48 Nanopores with the cubic 
structure and the large pores of materials with Ia3d 
symmetry was reported. In this study, the effect of pore size 
was examined and the results show whether the pore size 
of sample tissue is reduced or the size of the drug molecule 
is increased, the drug delivery will be done in a lower 
speed. The effect of chemical nature from the pore surface 
in the drug delivery process is also studied. In this case, 
hydrophilic pore surface with hydrocarbon chains and the 
impact on the drug delivery of modified hydrophobic drugs 
such as Erythromycin is studied. The results show that the 
drug delivery improves by modification of pores 
(Izquierdo-Barba et al., 2005). Another study that was done 
by Nath and Ganguli, in 2013 in which MCM mesopores 
Molecular Sieve was made through the hydrothermal 
process and was modified by Hexamethyl Disilazane. 
Afterward, Ampicillin was loaded as a β-Lactam antibiotic 
drug and was released in body simulated fluids. The results 
demonstrated that MCM-48 modified surface is a favorable 
carrier for the release and control of drugs. The release of 

drug molecules is controlled at room temperature, thus 
MCM-48 mesopores is used for the release and control of 
drugs (Nath and Ganguli, 2013).  A new further study was 
conducted by Hoda Aghaie et al in 2014 on the synthesis of 
Hydroxyapatite compounds with MCM-48 mesopores 
silicate. The purpose of this work is to produce a substance 
enjoying favorable properties of Nanopores silicate and 
bioactivity and drug release from properties of 
Hydroxyapatite. The results of the successful synthesis of 
Nanocomposite Hydroxyapatite MCM-48 and its potential 
biomedical applications as a bioactive ceramics and drug 
delivery factor demonstrated that Ibuprofen is released at a 
higher rate than MCM-48 (Aghaei et al., 2014). 
 
 
Turmeric plant 
 
Turmeric is a plant root with the scientific name of 
Curcuma longa. This plant belongs to the ginger family and 
its name means Indian saffron in Hindi and yellow ginger in 
Chinese (Gupta et al., 2015; Noori et al., 2016). Turmeric 
reaches up to 1.5-meter-tall and has swollen stems. 
Turmeric flowers are yellowish green and have a spike 
inflorescence. Leaves are without petiole and bright green 
like a banana leaf and with a distinct sepal at the beginning 
of the stem but in the upper parts, leaves are fully grown.  
Small and cylindrical thick branches beside leave at the 
beginning of the stem that are grown diagonally out of the 
ground each constantly create new roots. Its seeds are 
small and black (Ranjbar and Ranjbar, 2009). Turmeric is 
one of the compounds that were initially used as a medicine 
and later on made its way into the public food culture. The 
medically used part of Turmeric is rhizome which is 
cleaned after removing of the ground and its roots are 
separated and it is put into hot boiling water and finally, it 
is left to dry for several days(Gupta et al., 2015; Li et al., 
2011;Noori et al., 2016; Ranjbar and Ranjbar, 2009). 
Turmeric is yellow or brownish grey, it has a scented smell 
and a bitter flavor (Ansari et al., 2005). Turmeric has 
medical and biological properties including antioxidants, 
anti-inflammatory, antimicrobial, anticancer, liver 
protector and blood glucose protector as well as liver 
obstruction treatment, jaundice treatment, toothache 
remedy, ulcer treatment, blood purification and fever 
(Nazari et al., 2017; Sunagawaa et al.,2015).  

Turmeric provides essential oils such as beta-Turmerone, 
alpha- Turmerone, Zinjiberone, an alcohol named Turmerol 
and a substance named Curcumin. The yellow color of 
turmeric is due to the presence of curcumin substance. 
Minerals, carotene, and vitamin C in Turmeric can also be 
mentioned (Ansari et al., 2005; Li et al., 2011; Mirzaeia et 
al., 2017;Sharma et al., 2012; Sunagawaa et al.,2015). Most 
of the properties of turmeric are attributed to Curcumin. 
Curcumin is a polyphenol derived from the plant of 
Curcuma longa which is usually called Turmeric. Curcumin 
is the most effective ingredient in turmeric and consists of  
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2-8% weight of it (Anand et al., 2008; Kiamahalleh et al., 
2016). Curcumin is insoluble in water and ether but solves 
in ethanol, Dimethyl sulfoxide and other organic solvents. 
Its melting point is over 182℃ and the molecular weight is 
368.39 g/mol(Anand et al., 2008; Ansari et al., 2005; Li et 
al., 2011; Ranjbar and Ranjbar, 2009; Shen and Ji, 2007; 
Sunagawaa et al., 2015; Kiamahalleh et al., 2016). In this 
research, MCM-48 mesopores were synthesized and then 
modified with 3-aminopropyltrimethoxysilane (APTES). 
TEM, SEM, FT-IR, BET, XRD analysis were applied to verify 
the synthesis of mesopores. The modified MCM-48 was 
studied as a carrier for the drug delivery of curcumin. To 
this purpose, the standard curcumin and curcumin 
extracted from turmeric plants were loaded to the 
synthesized mesopores and their release was studied using 
UV-Vis spectroscopy at 425 nm.  
 
 
EXPERIMENTAL SECTION 
 
Materials 
 
(3-aminopropyl) triethoxysilane (APTES, purity 98%), 
ethanol (C2H6O, purity 96%), acetonitrile (C2H3N, purity 
99%), ammonium hydroxide (NH4OH, purity 99%), 
potassium chloride (KCl, purity 99%),  potassium hydrogen 
phosphate 3-hydrate(K2HPO4.3H2O, purity 99%), tetraethyl 
orthosilicate (TEOS, purity 98%), 
tris(hydroxymethyl)aminomethane (C4H11NO3, purity 
99%), Cetyltrimethylammonium Bromide (CTAB, purity 
99%), dimethyl sulfoxide (C2H6OS, purity 99%), sodium 
sulfate (Na2SO4, purity 99%), sodium chloride (NaCl, purity 
99%), sodium hydrogen carbonate (NaHCO3, purity 99%), 
Hydrochloric acid (HCl, purity 37%), Calcium chloride 
(CaCl2, purity 99%), Methanol (CH3OH, purity 99%), 
Magnesium chloride potassium hydrogen phosphate 3-
hydrate(MgCl2.6H2O, purity 99%) and  Curcumin (C21H20O6, 
purity 97%) were purchased from Merck. All chemicals 
reagents were used without additional purification. 
 
 
Characterization of the modified mesopores 
 
The samples were characterized by UV-vis spectroscopy 
(Lambda 25Perkin Elmer),FT-IR, (Perkin Elmer 65), X-ray 
diffraction (XRD), (Asenware AW-DX300), N2 adsorption 
(BET), (Sorptometer kelvin 1042), Scanning Electron 
Microscopy (SEM), (Philips 30kw xl), Transmission 
Electron Microscopy (TEM), (Philips 208s 100kw), High 
Performance Liquid Chromatography (HPLC), (D-
14163 KNAUER) and elemental analysis. 
 
 
Turmeric extraction 
 
After    preparation    of      Turmeric      Rhizome      and     its 

identification by the botany department of the research 
center, the sample was crushed using a hammer mill. The 
extraction was done using the maceration method 
presented by Noori et al. (2016). 
 
 
Synthesis of MCM-48 mesopores  
 
MCM-48 mesopores silicate has the three-dimensional 
cubic structure of Ia3d. The method of Leon et al was 
utilized for the synthesis of this mesopores (Schumacher et 
al., 2000). 
 
 
Modification of MCM-48 
 
In order to produce modified mesopores, 0.6 ml of (3-
Aminopropyl) triethoxysilane monomer and 0.2 g MCM-48 
mesopores were added to 10 ml of ethanol in a round-
bottom flask. The mixture was blended using a magnetic 

stirrer and at 65℃(reflux) for 24 hours. Then it was 
sonicated with an ultrasonic device at 50℃. In the next 
stage, the material was centrifuged at 5100 rpm. The 
solution was thrown away and the gained sediment was left 
to dry at room temperature for a night. In order to ensure 
the formation of APTES/MCM-48, the spectrums of BRT, 
XRD, FT-IR, SEM, TEM were taken from mesopore 
(Castruita-de Leon et al., 2015). 
 
 
SBF preparation 
 
The SBF solution, utilized as a media for the study of 
release, in this research was prepared according to 
Mannose method (Muñoz et al., 2003). 
 
 
HPLC analysis 
 
In order to evaluate the purity of Curcumin in Turmeric, the 
HPLC analysis was done according to the method of Gavhad 
(Gavhad et al., 2015). 
 
 
Loading standard curcumin 
 
In order to study the drug release, the Curcumin was loaded 
on MCM-48 and APTES/MCM-48 mesopores. The standard 
Curcumin solution with the concentration of 400 ppm was 
made by solving a sufficient amount of Curcumin.  In order 
to have a standard Curcumin loading, 0.1 g of synthesized 
mesopores was loaded in 10 ml of standard Curcumin 
solution with different concentrations. The solutions were 
shaken for 72 hours and afterward, the samples got 
separated from centrifuge. Then, the absorption rate of the 
samples  was  measured  using   UV-Visspectroscopyat   425  

https://europepmc.org/search?query=AUTH:%22Mohammad%20Valizadeh%20Kiamahalleh%22
https://europepmc.org/search?query=AUTH:%22Mohammad%20Valizadeh%20Kiamahalleh%22
https://www.itwreagents.com/rest-of-world/en/product/di-potassium+hydrogen+phosphate+3-hydrate+%28e-340ii%2C+f.c.c.%29+food+grade/202333
https://www.itwreagents.com/rest-of-world/en/product/di-potassium+hydrogen+phosphate+3-hydrate+%28e-340ii%2C+f.c.c.%29+food+grade/202333
https://www.sigmaaldrich.com/catalog/product/mm/219374?lang=en&region=US
https://www.itwreagents.com/rest-of-world/en/product/di-potassium+hydrogen+phosphate+3-hydrate+%28e-340ii%2C+f.c.c.%29+food+grade/202333
https://www.itwreagents.com/rest-of-world/en/product/di-potassium+hydrogen+phosphate+3-hydrate+%28e-340ii%2C+f.c.c.%29+food+grade/202333
https://en.wikipedia.org/wiki/Ultraviolet%E2%80%93visible_spectroscopy
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Figure 1: Structure of 3-aminopropyltrimethoxysilane (APTES). 

 
 

 
 

Figure 2: Modification process of MCM-48 mesopores surface with APTES. 

 
 
nm. 

 
 
Loading Curcumin, extracted from turmeric plant onto 
mesopores 
 
In order to load the curcumin extracted from Turmeric 
extraction on MCM-48 and APTES/MCM-48 mesopores, 0.1 
g of mesopores was transferred to the round bottom flask 
and 0.5 mg of Turmeric extraction and 10 ml ethanol were 
added to the flask. Then the solution was placed on the 
shaker for 72 hours and afterward, the samples got 
separated from Centrifuge. Then, the absorption rate of the 
samples was measured using UV-Vis Spectroscopy at 425 
nm. 

 
 
Release of curcumin from loaded mesopores 

 
In order to examine the release of standard curcumin and 
the curcumin in turmeric extraction, from MCM-48 and 
APTES/MCM-48 mesopores, 0.1 g of loaded substrates 
were transferred in glass containers, containing 30 ml of 
SBF solution and then were put into a shaker incubator at 
37℃. Then 5ml of solution were removed and centrifuged 
and UV-Vis spectrum was obtained. Then the removed 
solution was returned to the sample. In every stage, along 

with the removed solution, 2 ml of SBF solution was added 
to the solution and dilution factor about absorption was 
also taken into consideration and the data was obtained. 
 
 
RESULTS AND DISCUSSION 
 
In this research, the drug delivery of curcumin was studied 
using MCM-48 and APTES/MCM-48 mesopores. Then the 
drug delivery of standard curcumin from mesopores was 
compared to that of curcumin extracted from turmeric 
plants. To this purpose, MCM-48 mesopores was 
synthesized and then modified using APTES. The synthesis 
of mesopores was examined by BET, FT-IR, SEM and TEM 
analysis. Subsequently, MCM-48 and APTES/MCM-48 
mesopores were loaded with standard curcumin and 
curcumin extracted from turmeric, respectively. Afterward, 
the release of curcumin from loaded mesopores was 
studied using UV-Vis spectroscopy at 425 nm. 
 
 

Modification process of MCM-48 mesopores surface  
 
Figure 1 shows the structure of 3-
aminopropyltrimethoxysilane (APTES). As it is observed, 
this compound has amine functional groups. The structure 
 of MCM-48 mesopores surface was modified using APTES 
with amine groups (Figure 2). 
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Figure 3: FT-IR spectrum of: (a) MCM-48 and (b) APTES/MCM-48 mesopores. 

  
 

 
 

 Figure 4: X-Ray spectrum of: (a) MCM-48 and (b) APTES/MCM-48 mesopores. 

 
 
Analysis of MCM-48 and APTES/MCM-48 mesopores 
 
The analysis of BET, FT-IR, SEM and TEM were performed 
on MCM-48 and APTES/MCM-48 mesopores, in order to 
ensure the successful modification of mesopores.  
 
FT-IR analysis 
 
FT-IR spectrum of MCM-48 and APTES/MCM-48 mesopores 
is shown in the Figure 3. FT-IR bands in the areas of 472, 
809, 1108 cm-1 belong to asymmetric stretching vibration, 
symmetric stretching vibration and bending vibration of Si-
O-Si respectively. Similar bands can be seen in FT-IR 
spectrum of APTES/MCM-48 mesopores. Also the peak in 
the area of 985 cm-1 illustrates the bending vibration of Si-
OH. In the spectrum related to the APTES/MCM-48 
mesopores, the peaks in the area of 1400-1500 cm-1 are 
attributed to the bending vibration of C-N which is in 
agreement with the literature (Iglesia et al., 2006). This 

signal indicates aminopropyl groups that are present in the 
Silicate structure that was produced through 
functionalizing with APTES compound during an isochronal 
process. Absorption bands in the area of 2900-3640 cm-1 

can usually be attributed to stretching vibration of Silanol 
groups in the surface which is the characteristic of Silicone 
mesopores. There are N-H stretching bands in the area of 
3300-3500 cm-1 which are merged with the stretching 
vibration of O-H in the area of 3417 cm-1in the FT-IR 
spectrum of APTES/MCM-48 mesopores. The results show 
that MCM-48 mesopores is well produced and its surface is 
successfully modified while maintaining the structure. 
 
 
X-Ray analysis 
 
X-Ray Diffraction spectrum affiliated to MCM-48 and 
APTES/MCM-48 mesopores are displayed in the Figure 4. 
Regarding  the  pattern   of   X-Ray   Diffraction   of   MCM-48  
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Table 1: Physiochemical properties of mesoporus silica MCM-48 and 
APTES/MCM-48 obtained from N2 absorption analysis. 

 

Sample Hole Volume (m3/g) Surface Area (m2/g) 

MCM-48 503.265 1217.841 
APTES/MCM-48 885.340 153.150 

 
 

 
 

Figure 5: Scanning Electron Microscopy (SEM) images of mesoporous silica 
(a) MCM-48, and (b)APTES/MCM-48. 

 
 
mesopores in comparison to the reference sample, a strong 
peak is observed in a 2ϴ range which represents that the 
structure matches the three-dimensional cubic pattern with 
IA3d symmetry which is in agreement with the literature 
(Han et al., 2011). As it is obvious in the Figure 4, 
APTES/MCM-48 samples show similar patterns to the 
MCM-48 mesopores structure and it proves that the 
structural order is well preserved after placement of APTES 
on the MCM-48 surface. However, the reduction of peaks 
was clearly observed in the samples of APTES/ MCM-48 
which indicates that the surface modification of MCM-48 is 
done well maintaining the structure, while decreasing the 
hole volume. 
 
 
BET analysis 
 
Nitrogen Isothermal absorption/ desorption analysis of 
MCM-48 and APTES/MCM-48 mesopores was done at the 
temperature at 200℃ and for the duration of 120 minutes 
as degassing time. N2 was absorbed gas and He was the 
carrier gas.  The information about the surface area and 

hole volume for MCM-48 and APTES/MCM-48 mesopores 
has been summarized in the Table 1. As it is clear in the 
table, MCM-48 mesopores has a very high surface area and 
hole volume which is in agreement with the literature (Saad 
et al., 2008). After modification, APTES compound is placed 
into MCM-48 holes and reduces the surface area and hole 
volume. The information in the table shows that hole 
volume of MCM-48 decreases from 265.502 to 34.885 after 
modification using APTES compound and its effective 
surface area also decreases from 1217.841 to 153.15 which 
confirms that amine groups are placed on the holes of 
mesopores. These results are in agreement with the results 
of XRD; thus, it can be concluded that amine groups have 
decreased the volume and area of mesopores without 
changing the structure. 
 
 
SEM analysis 
 
The Figure 5 displays images of MCM-48 and APTES/MCM-
48 mesopores taken by scanning electron microscope. 
According   to   the   images,   the   morphology   of   MCM-48  

       (a) 

 

 

        (b) 
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Figure 6: Transmission Electron Microscopy (TEM) images 
of mesoporous silica APTES/MCM-48. 

 
 
mesopores surface is spherical which is in agreement with 
the documents (Xu et al., 1998). The comparison of 
APTES/MCM-48 SEM images to that of MCM-48 mesopores, 
demonstrates that there are no sensible changes in 
morphology of MCM-48 mesopores after surface 
modification of MCM-48 silicon mesopores by APTES 
compound and its nature is still maintained.  This indicates 
that APTES are mainly located in MCM-48 holes. The results 
are in agreement with the results obtained from XRD and 
BET analysis regarding the effective surface area reduction. 
 
 
TEM analysis 
 
Figure 6 shows the transmission electron microscopy 
images of APTES/MCM-48. MCM-48 mesopores have a 
regular cubic structure (Huh et al., 2003). APTES/MCM-48 
image shows that the regular cubic hole structure with Ia3d 
symmetry has been maintained after surface modification 
of MCM-48 silicon mesopores. 
 
 
Loading of Curcumin onto MCM-48 and APTES/ MCM-48 
mesopores 
 
After the successful synthesis of mesopores and its surface 
modification, curcumin was loaded on the mesopores. In 
order to load the Curcumin, various concentrations of 
Curcumin were prepared and loaded on 0.1 g of 
APTES/MCM-48 and MCM-48 mesopores, respectively. The 
absorption was studied at 425 nm, before and after loading. 
The results are displayed in the Figure 7. The percentages 
of loading on the MCM-48 and APTES/MCM-48 mesopores 
were studied and the results were presented in the Table 2. 

The results show that as the curcumin concentration 
increases, the amount of loading also rises but it does not 
affect the loading percentage and the loading percentage 
remains within the range of 90%. This result indicates that 
there is a balance between the concentration of curcumin in 
the solution and the concentration of curcumin in 
mesopores. Also, it was found that the loading percentage 
on APTES/MCM-48 is far more than on MCM-48 mesopores 
due to the selective interaction between Curcumin and 
APTES/MCM-48 mesopores. The increase of interaction 
between Amine groups of APTES and the curcumin inside 
the holes of APTES/MCM-48 mesopores has caused the 
increase of loading on APTES/MCM-48 rather than MCM-
48. According to the results and regarding that there is no 
significant difference between loading percentages of 
different concentrations, the concentration of 36.84 ppm 
was selected for loading so as to ensure that the loading 
will be done effectively for further study. 
 
 
Release process 
 
Figure 8 shows the release behavior of standard curcumin 
and Curcumin extracted from turmeric plant from MCM-48 
and APTES/MCM-48 respectively. As it is clear, the release 
of loaded curcumin extracted from turmeric plant and the 
standard curcumin is so similar from both MCM-48 and 
APTES/MCM-48 mesopores. However in APTES/MCM-48 
not only does it have a more drug loading capacity but also 
has a more controlled release pattern due to a more 
selective interaction between drug molecule and 
APTES/MCM-48 compared to the release from MCM-48. On 
the other hand, curcumin release from APTES/MCM-48 
seems to be very similar to the smart release  pattern  while  
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Figure 7: Loading standard Curcum; absorption of standard curcumin before loading onto 
mesopores, MCM-48 and APTES / MCM-48. 

 
 

Table 2: The results of loading percentage on MCM-48 and APTES/MCM-48 mesoporus.  
 

Curcumin (ppm) 3.70 ppm 11.05 ppm 18.42 ppm 25.79 ppm 36.84 ppm 

MCM-48 6.60% 6.51% 6.46% 6.37% 6.29% 
APTES/MCM-48 93.66% 90.96% 92.10% 89.50% 87.50% 

 
 

 
 

Figure 8: Curcumin release; release of turmeric extracted Curcumin from MCM-48, release of 
standard curcumin from MCM-48, release of turmeric extracted curcumin from APTES/MCM-
48 and release of standard curcumin from APTES/MCM-48. 

 
 
the release pattern from MCM-48 seems to be similar to an 
explosion release and has a potential to study further in 

future. Therefore, the APTES could be a good candidate to 
be utilized as a suitable modifier  for  MCM-48.  In  addition,  

 

 

Figure 7: Loading standard Curcum 

Absorption of standard curcumin before loading onto mesopores 

Absorption of standard curcumin after loading onto MCM-48 

Absorption of standard curcumin after loading onto APTES / MCM-48 
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Figure 8. Curcumin release 

Release of urmeric extractedCurcumin from MCM-48 

Release of standard curcumin from MCM-48  
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due to the presence of favorable functional groups for 
selective interaction between APTES/MCM-48 and 
curcumin, APTES/MCM-48 can be used as a suitable carrier 
for intelligent drug delivery. Eventually, since the release 
pattern of curcumin in extraction from mesopores is similar 
to standard curcumin release, the very simple method of 
extraction can be used instead of the expensive and time-
consuming methods of curcumin purification for curcumin 
preparation and loading. 
 
 

CONCLUSION 
 
In this research MCM-48 regular mesopores were studied 
as a drug carrier. In order to increase the drug loading, this 
mesopores was modified with 3-
aminopropyltrimethoxysilane (APTES). The results of TEM, 
SEM, FT-IR, BET, XRD analysis showed that MCM-48 with a 
porous, regular and silicate structure is well synthesized. 
The modification of MCM-48 with APTES was done 
successfully. Subsequently, curcumin which have anti-
inflammatory and pain relief properties was extracted from 
curcumin and then loaded as drugs on APTES/MCM-48 and 
MCM-48 mesopores and their release was studied using 
UV-Vis spectroscopy at 425 nm. The results show that 
APTES/MCM-48 and MCM-48 mesopores could release the 
loaded curcumin. However, APTES/MCM-48 had a slower 
and more controlled release pattern compared to MCM-48. 
Moreover, the drug delivery behavior of APTES/MCM-48 to 
release the loaded standard curcumin is so similar to the 
release of loaded curcumin extracted from turmeric plant. 
This data suggests that instead of the curcumin purification, 
the very commercial method of extraction could be utilized 
to produce curcumin to load onto the APTES/MCM-48, 
which is a good candidate for smart drug delivery of 
curcumin. 
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