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Abstract. Mesoporous silica nanoparticles (MSN) offer so many advantages as drug carrier, including large surface area, 
controllable pore size and morphology, and ease surface modification. Chitosan modified MSN has been synthesized to 
obtain drug carrier with pH dependent properties. Chitosan itself has been used in many studies as drug carrier due to its 
biocompatibility. In the present study, we combined MSN and chitosan in order to take advantage the high surface area 
and pore volume of MSN, and also the specific characteristics of chitosan at different pH values. The modification 
enables optimization of drug release at a low pH. The chitosan attachment on the surface of MSN was characterized by 
using FTIR. The release study of chitosan modified MSN at a variety of pH showed that the modification creates a 
controlled release profile of drug molecule (curcumin). At a high pH value, the accumulation release was low compared 
to that at a low level of pH. The release profile of chitosan-modified MSN at different concentrations of chitosan was
also studied. The chitosan-MSN showed a controlled release profile.

INTRODUCTION 

Drug Delivery System (DDS) that enables a controlled release profile is highly demanded since this feature has 
successfully improved drug efficacy. Various types of materials have been used, such as polymer, liposome and 
mesoporous silica particles, as carrier in DDS. Nanoporous silica based materials have been studied extensively in 
the last decade for various biological applications, including as a carrier in DDS [1]. The high surface area and pore 
volume, the controllable of pore size and morphology, and also the ease of surface modification have attracted much 
attention of researchers around the world to study these materials for various applications. Among previous studies, 
the observation of nanoporous silica based materials as drug carriers is one of the most active research area. 

Curcumin shows a high potent for being the treatment for various types of disease, including Alzheimer’s 
disease, Parkinson’s disease, multiple sclerosis, epilepsy,cerebral injury, cardiovascular diseases, cancer, allergy, 
asthma, bronchitis, colitis, rheumatoid arthritis, renal ischemia, psoriasis, diabetes, obesity,depression, fatigue, and 
AIDS [2-4]. Yet, the low bioavailability of curcumin hinders the therapeutic effects from curcumin [5]. Many 
studies have been conducted to seek the effective DDS to enhance the therapeutic effects of curcumin [6].

MSNs have been used to enhance the theraputic effect of curcumin, in which various types of functionalized 
MSNs have been investigated, i.e., guanidine PEGylated mesoporous silica nanoparticles [7], lipid bilayer-coated 
curcumin-based MSN [8], curcumin-loaded silica encapsulated porous chitosan [9], mesoporous silica coated 
curcumin lipid core [10], and curcumin silica composites with double functionalization [11]. However, not many 
studies have focussed on the synthesis and application of chitosan-MSN for curcumin delivery.

Previously, the use of MSNs to enhance bioavailability of curcumin has been studied [12]. In the present study, a
facile method to develop composite of chitosan-MSN is used and the materials are tested for the controlled release 
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profile by conducting release study of curcumin at a different pH solutions. It will examine a  ph-dependent 
controlled release drug delivery system that has been successfully synthesized.

MATERIALS AND METHODS

Chemicals: Triblock poly(ethylene oxide)-block-poly(propylene oxide)-block-poly(ethylene oxide) copolymer 
EO106PO70EO106 (Pluronic F127, MW=13400), copolymer EO20PO70EO20 Pluronic 123, tetraethoxysilane (TEOS, 
99%), 1,3,5-trimethylbenzene (TMB), 3-aminopropyl triethoxysilane (APTES 99%), potassium chloride (KCl), 
phosphate buffer tablet and Tween 80 were purchased from Aldrich. A fluorocarbon surfactant (FC-4) was 
purchased from Yick-Vic Chemicals & Pharmaceuticals (HK) Ltd. All chemicals were used as received without any 
purification.

Synthesis of mesoporous silica nanoparticles (MSNs)

Nano-sized mesoporous silica materials with a cubic mesostructure were synthesized in accordance with 
previous method developed by Ying et al. [13] with some modifications. Subsequently, 0.5 g of F127 and 1.4 of FC4
were mixed in the solution of 60 mL of 0.02 M HCl for 24 h before 0.5 g of TMB was added and stirred continually
for 4 (four) h, then 3 g of TEOS was mixed into the solution and was stirred for 24 h at 20°C. The solution was
synthesized then removed to an autoclave and heated at hydrothermal temperature of 130o C for 24 h for
hydrothermal treatment. The product was separated, washed and dried. The surfactant was removed by using 
calcination. The product was named MSN.

Curcumin loading

An amount of 350 mg of curcumin was dissolved in ethanol then followed by an addition of 175 mg MSN. The 
mixture was sonicated for one hour then followed by stirring it for 20 h. The amount of adsorbed curcumin was
determined using UV-Vis Spectroscopy. The sample was named MSN-Cur (MC).

Chitosan modification

An amount of 0.025 gr of chitosan was dissolved in 25 ml acetic acid (1.5% v/v) and stirred for 4 h. Subsequently, 
0.1 g MSN-Cur was also dissolved in 25 ml acetic acid (1.5% v/v). The chitosan solution was mixed with the MSN-
Cur solution and stirred for 4 h. The product was separated by centrifugation and then dried. The procedure was 
repeated for different concentrations of chitosan. The product was named MSN-Cur-Chitosan (MCC).

Curcumin  in vitro release

The release was performed based on the previous method developed by Jambhrunkar et al. with a slight 
modification [14]. At first, several solutions with a variety of pH were prepared (pH: 2.5 , 4.5, and 7.4). Then, for 
the release testing, 0.05 g of MCC was mixed with 10 ml of buffer solution in a dialysis membrane. Then, the 
membrane was located inside 250 ml of release media at certain pH. At certain interval time, an amount of 1 ml of
the solution was collected and immediately replaced with 1 ml of release solution.  The sample concentration was 
determined by using a UV–Vis spectrophotometer at 432 nm. The procedure was repeated for different pH 
solutions.

Characterization

Fourier-Transform Infrared Spectroscopy has been used to ascertain the functionalization of MSN with chitosan.
UV-Vis Spectroscopy was used to determine the concentration of curcumin in the release media.
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RESULTS AND DISCUSSION

At first, mesoporous silica nanoparticles were synthesized based on the method developed by Han et al. [13], and 
the same method to synthesis MSN was used. The material  characterizations have been reported [12]. Mesoporous 
silica nanoparticles (IBN-2) with particle size around 100 nm were successfully synthesized. XRD analysis of MSN 
shows a typical pattern of porous material with cubic mesostructured. The nitrogen sorption analysis shows that type 
IV isotherm with a type H2 of hysteresis loop indicates porous materials with a cage-like structure. The pore size 
was 10 nm [12]. In general, the 3D mesostructured or a cage-like structures/interconnected pores has a better mass 
transfer for particles within the pores and also more resistant to pore blockage compared to that of the 2D 
mesostructured  [15, 16].

The successful of chitosan modification onto MSN can be confirmed using FTIR. Figure 1 shows the 
comparison of FTIR spectra for different samples, namely: MSN, Curcumin, Chitosan, MSN-Curcumin (MC) and 
MSN-Curcumin-Chitosan (MCC). MC and MCC have similar spectra, representing the existence of  MSN and 
Curcumin and also Chitosan in the same samples. The peak at 1095 cm-1 represents Si-OH, 1089.71 cm-1 indicates
Si-O-Si, and 3278.76 cm-1 indicates SiO-H. The presence of chitosan can be detected from numerous peaks, such as
1490.87cm-1 (–C=O) protonated amine and 1643.24cm-1 (–C=O) secondary amide. Specifically, MCC also has
several peaks that represent curcumin, such as 3436cm-1 O-H stretching, and 1514,02 cm-1C=O and also C=C 
vibration. The characterizations using FTIR clearly shows the existence of MSN, curcumin and chitosan in the MCC
sample [12, 17].

FIGURE 1. The Result of FTIR Analysis.
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In the present study, MSN was used as a main carrier for curcumin, while chitosan was required to create surface 
modification of MSN. This modification supports the controlled release of curcumin from MSN. At first, we studied 
the optimum concentration of chitosan for MSN surface modification.  Different concentrations of chitosan, namely
0.05%, 0.1%, 0.2% and 0.3% were studied. The release profile of curcumin at a variety of pH for various 
concentrations can be seen in Fig. 2 to Fig. 6. Fig. 2 to Fig. 5 demonstrate the release profile at a variety of pH and 
different chitosan concentrations, namely: 0.05, 0.1, 0.2 and 0.3, subsequently. Furthermore, Fig. 6 shows the 
release profile for various chitosan concentrations at pH 2.5. 

It revealed an interesting finding in which in all concentrations of chitosan, namely: 0.05%, 0.1%, 0.2% and 
0.3%, the effect of chitosan against the release profile at different pH: 2.5, 4.3 and 7.4, was obvious. All samples had 
similar trend, which is a higher accumulative release profile at the lowest pH: 2.5. As the pH solution increased, the 
percentage was dropped.

FIGURE 2. In Vitro release profile of Curcumin at a variety of pH for 0.05% chitosan concentration.

Most of the curcumin were located within the pores of MSN (IBN-2). The chitosan modification caused pore 
closure. However, at low pH, the closure is opened. This is mainly due to the characteristics of chitosan. The 
swelling of Chitosan at a low pH, remove the pore blockage by chitosan, as results more curcumin within the pores 
can be released. Finally, the higher accumulation of curcumin release can be achieved at a low pH compared to 
higher pH [18].

By comparing Fig. 2, 3, 4 and 5, the application of MCC with 0.05% chitosan concentration resulted in a higher 
accumulation release compared to other concentrations of chitosan. At a high concentration of chitosan, there is a 
possibility that chitosan may cause steric hindrance for curcumin molecules to diffuse within the pores. Thus, it is 
important to consider the optimum concentration of chitosan.
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FIGURE 3. In Vitro release profile of Curcumin at a variety of pH for 0.1% chitosan concentration.

FIGURE 4. In Vitro release profile of Curcumin at a variety of pH for 0.2% chitosan concentration
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FIGURE 5. In Vitro release profile of Curcumin at a variety of pH for 0.3% chitosan concentration.

FIGURE 6. In Vitro release profile of Curcumin at a variety of pH for 2.5% chitosan concentration.
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The existence of pores within MSN is very important to avoid “burst release” and to maintain a “prolonged 
release”. In addition, the nanopores limit interaction between curcumin and reduce the formation of agglomeration. 
The nanopores also maintain the curcumin in non-crystalline form. These conditions lead to the higher solubility of 
curcumin [12]. In the present study, MSN with type of  IBN-2 was used. This type of MSN has a cubic 
mesostructured which may enhance the release profile of curcumin [12, 15, 19, 20].

CONCLUSION

Nanocomposites of MSN-Curcumin-Chitosan (MCC) has been successfully synthesized. The produced MCC 
showed a controlled release profile based on pH value. MCC reached an optimum accumulation of release at a low 
pH (2.5). It indicates that the release profile of curcumin is affected by the concentration of chitosan developed 
within the MSN. The results show a promising potency of MCC for drug controlled release. These properties may
enhance the therapeutic effect of the medicine and reduce the undesirable side effects.

ACKNOWLEDGMENTS

We acknowledge the support from the Indonesian Ministry of Research, Technology and Higher Education for 
providing a research grant under the national competition scheme (PBK 2018). 

REFERENCES

[1] A. Popat, S.B. Hartono, F. Stahr,  J.  Liu, S.Q. Qiao and G.Q. Lu, Nanoscale 3,2801-2818 (2011).
[2] B.B. Aggarwal, K.B. Harikumar,Int J Biochem Cell Biol 41,40-59 (2009).
[3] A.K. Meka, Y. Niu, S. Karmakar, S. B. Hartono, J. Zhang, C.X.C Lin, A. Whittaker,K.Jack,M. Yu,C. Yu, 

ChemNanoMat 2, 220-225 (2016).
[4] J.S. Jurenka,Altern, Med Rev,14,141-53 (2009).
[5] P.T.S.Anand, A.B. Kunnumakkara, C. Sundaram, K.B. Harikumar, B. Sung, S.T. Tharakan, K. Misra, I.K. 

Priyadarsini, N. Kallikat, KN. Rajasekharan & B.B. Anggarwal, , Biochemical Pharmacology 76,1590-611
(2008).

[6] F. Hamama, Journal of Functional Foods,8, 87-99 (2014).
[7] L. Ma'mani, H.K.-Manjili,S al-Musawi, M. Saedi, A. Foroumadi, A. Shafiee, European Journal of Medicinal 

Chemistry,8, 3646-54 (2014).
[8] S.E.H. Datz, V. Schirnding, L. Nguyen and T. Bein ,Microporous Mesoporous Mater,2, 25371-25377 (2016).
[9] A. Ahmed, J. Hearn, W. Abdelmagid, H. Zhang, J Mater Chem,2,225027-225035 (2012).
[10] S. Kim, R. Diaba, O. Joubertb, N. Canilhoa ,A. Pasca, Colloids and Surfaces B: Biointerfaces,140, 161-168

(2016).
[11] S.B. Vishnu, S.K. Mondala, S. Prasharb, M. Fajardob, D. Brionesc, A. Rodríguez, C.P. Patraa,S.G.Ruizb, 

Materials Science and Engineering: C,6, 3393 (2016).
[12] Sandy Budi Hartono LH, Yanan Yang, Anand Kumar Meka, Antaresti and Chengzhong 

Yu,Nanotechnology,27, 505605 (2016).
[13] Y. Han Y, .K. Ying JY, Angewandte Chemie International Edition,44, 288-292 (2005).
[14] S. Jambhrunkar, S. Karmakar, A. Popat, M. Yu, C. Yu C, RSC Adv,4, 709-712 (2014).
[15] S.B. Hartono S.Z. Qiao, K. Jack, B. P. Ladeweig,Z. Hao, G.Q. Lu, Langmuir,25, 6413-6424 (2009).
[16] J. Fan, C.Yu, F. Gao, J. Lei, B. Tian, L. Wang, Q. Luo, B. Tu, W. Zhou  and D. Zhao,Angewandte Chemie 

International Edition,42. 3146-3150 (2003).

020011-7

https://doi.org/10.1039/c1nr10224a
https://doi.org/10.1016/j.bcp.2008.08.008
https://doi.org/10.1088/0957-4484/27/50/505605
https://doi.org/10.1021/la900023p
https://doi.org/10.1016/j.biocel.2008.06.010
https://doi.org/10.1016/j.jff.2014.03.006
https://doi.org/10.1016/j.colsurfb.2015.12.040
https://doi.org/10.1002/anie.200460892
https://doi.org/10.1039/C3RA44257H
https://doi.org/10.1002/anie.200351027
https://doi.org/10.1002/anie.200351027


[17] S.M.L. Silva, Infrared Spectroscopy-Material Science, Engineering and technology, Intechopen, London 
(2011).

[18] S.Y.W. Lizhang, J. Tongying, Z. Xin, Z. Jinghai, S. Jin, S. Changsan  and W. Siling , ACS APPLIED 
Material & Interfaces,5, 103-113 (2013).

[19] S.B. Hartono, N.T. Phuoc, M. Yu,  Z. Jia,, M.J. Monteiro, S.Z. Qiao, C. Yu, Journal of Material Chemistry 
B,2, 718-726 (2014)

[20] S.B. Hartono MY, W. Gu, J. Yang, E. Strounina, X. Wang, S.Z. Qiao  and C.Yu, Nanotechnology,25. 055701
(2014)

020011-8

https://doi.org/10.1088/0957-4484/25/5/055701
https://doi.org/10.1021/am302246s
https://doi.org/10.1021/am302246s
https://doi.org/10.1039/C3TB21015D
https://doi.org/10.1039/C3TB21015D



