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NEW DRUG DELIVERY SYSTEM WITH CATECHIN 

LOADED IN MESOPOROUS SILICA NANOPARTICLES 

Gabriela PETRISOR1,2,3,5, Ludmila MOTELICA1,2,3,5, Denisa FICAI2,3,4,5, Roxana 

Doina TRUSCA1,2,3, Adrian Vasile SURDU1,2,3, Georgeta VOICU1,2,3, Ovidiu 

Cristian OPREA2,3,4,5, Anton FICAI1,2,3,5 

Catechin is a polyphenol found in high quantities in green tea and its 

properties make it have a high potential to be used in controlled release systems with 

important activity on the human body. Mesoporous systems loaded with catechin have 

the potential to be used in drug delivery systems with different biological applications 

imposed by the support itself (suitable for bone-related application) or by the nature 

and properties of the loaded biological active agents. In this study, catechin was 

loaded into mesoporous silica: MCM-41 and MCM-48. The obtained mesoporous 

systems were characterized from a morphological and structural point of view and 

the release of catechin from mesoporous silica in two simulated biological fluids was 

monitored. 

Keywords: catechin, mesoporous silica, drug delivery system, release study, simulated 

gastric fluid, simulated intestinal fluid. 

1. Introduction  

 

Controlled delivery systems for natural substances or extracts, based on loaded 

nanoparticles like ZnO [1], Fe3O4 [2] or SiO2 [3] are attracting a great interest due to 

their rich tailoring properties [4]. 

Catechins belong to the group of flavonoids, an important class of polyphenols 

known for their strong antioxidant [5], anti-inflammatory and chemo-preventive 

activity [6]. Green tea represents one of the most consumed beverages worldwide and 
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has a predominant composition of catechins (25-35% dry weight) which provides a 

strong antioxidant activity [7, 8]. Due to its structure, it can form strong hydrogen bonds 

with the support and thus can be loaded into transport systems, so that it can be used in 

different drug delivery systems, being non-toxic [9, 10]. 

Mesoporous silica materials are of great scientific interest due to their adjustable 

pore size, high surface area, surface functionalization, chemical stability and pore 

nature [11]. Silica pores allow it to be loaded with various active substances, drugs or 

natural extracts to be functionalized or used as controlled release systems. Mesoporous 

silica can be synthesized in different ways and different structures with variable pore 

sizes and arrangements can be obtained [12]. The most known structures at the moment 

are: MCM (Mobile Composition of Matter), SBA (Santa Barbara Amorphous), TUD 

(Technische Universiteit Delft), HMS (Hollow Mesoporous Silica) or MCF (Meso 

Cellular Form) [13, 14]. MCM-41 and MCM-48 are part of the MCM family and are 

two types of mesoporous silica with different pore arrangement. MCM-41 has a 

hexagonal structure with a uniaxial pore arrangement, and MCM-48 has a cubic 

structure and a three-dimensional pore arrangement [15]. The properties of mesoporous 

silica (high surface area, tuned pore size, high specific pore volume, tunable surface 

functionalization capacity) allow it to be used as a carrier in drug delivery systems [16]. 

The present study followed the loading of the biologically active substance, 

catechin, in two types of mesoporous silica from the MCM class, MCM-41 and MCM-

48. Catechin were loaded into mesoporous silica, and the two materials obtained, 

MCM-41@CAT and MCM-48@CAT, were characterized from a morphological and 

structural point of view to demonstrate the efficient loading of catechin inside the pores. 

In this experimental study, an in vitro release study was performed by simulating two 

biological fluids with different pH, simulated gastric fluid and simulated intestinal 

fluid. The catechin release studies from the mesoporous silica systems were carried out 

over a period of 5h, and the samples were collected at different time intervals and 

analyzed. 

 

Fig. 1. Synthesis of systems from mesoporous silica loaded with catechin 
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2. Materials and methods 

 

2.1  Materials 

Catechin (CAT, ≥98%) was purchased from Carl Roth and was used for the 

loading into the mesoporous silicas. Tetraethyl orthosilicate (TEOS), ammonia 

(NH3), acetone and ethyl alcohol were produced by Sigma Aldrich while 

cetyltrimethylammonium bromide (CTAB) by Merck.  

The following substances were used for the release study: sodium chloride 

(NaCl), acetonitrile (HPLC grade) from Sigma Aldrich; sodium hydroxide (NaOH, 

1N) and hydrochloric acid (HCl, 2N) from S.C. Silal Trading SRL; sodium dodecyl 

sulphate (SDS) and potassium dihydrogen phosphate (KH2PO4, ≥98%) from Roth. 

2.2 Preparation of the mesoporous silicas and loading with catechin  

The obtaining and characterization of the two types of mesoporous silica MCM-

41 and MCM-48 were described in the previous article [17]. The materials were 

loaded with catechin by solubilizing 400 mg of catechin in 4 mL of acetone. The 

adsorption of the catechin solution (saturated solution) in one gram of mesoporous 

material was done by adsorption under vacuum at room temperature. 

2.3 Characterization methods 

The diffractograms of the mesoporous systems were recorded on Panalytical 

X'Pert Pro MPD equipment, with Cu-Kα radiation. Scanning electron microscopy 

images were recorded on QUANTA INSPECT F electron microscope equipped 

with a field emission gun and an energy dispersive (EDS) detector. The BET 

analysis of the porous materials and the recording of the adsorption/desorption 

curves were performed using the 77K Micrometrics Gemini V equipment. To 

characterize the structure of the materials, FTIR spectra were recorded on Thermo 

IN50 MX equipment and an FTIR microscope operated in reflection mode was 

used. Thermogravimetric analyses were recorded using a Netzsch 449C STA 

Jupiter instrument (Mt. Juliet, TN, USA) at room temperature at 900oC, in an 

alumina crucible at a heating rate of 10oC/min in dry air (20 mL/min). 

2.4 Release study 

The release study was done following the release of catechin from the 

mesoporous silica support in two types of simulated biological fluids. Simulated 

gastric fluid (SGF) was prepared by dissolving 2g of NaCl in one liter of deionized 

water and adding 2N HCl until pH=1.2. The simulated intestinal fluid (SIF) was 

obtained by dissolving 6.8 g of KH2PO4 and 2 g of SDS in one liter of deionized 

water and adding 1N NaOH until a pH=6.8.  
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To study the release of the catechin over time, it was used a High-Performance 

Liquid Chromatography type Agilent 1260 Infinity with Array Diode Detector 

(HPLC-DAD). The mobile phase consisted of 30/70 (v/v) ultrapure water and 

acetonitrile. Separation was achieved on an Aqua C18 column (250 x 4.6 mm, 

5μm), the flow rate of mobile phase was 0.750 mL/min and the sample injection 

volume was 2 μL. 

To monitor the release of catechin, two calibration curves (Fig. 2) were made 

in the range of 5-100 ppm. The release study was performed by adding 50 mg of 

catechin in a paper bag and suspended in two bottles of 140 mL SGF and SIF. 
Samples were taken at different time intervals up to 5h and the absorbance was 

measured by high-performance liquid chromatography (HPLC). 

 

(a) 

 
(b) 

Fig. 2. Calibration curve of catechin in SGF (a) and SIF (b) 
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3. Results and discussions 

 

The mesoporous silica loaded with catechin were characterized using X-ray 

diffraction (XRD), scanning electron microscopy (SEM), BET analysis with 

adsorption-desorption isotherms, Fourier transform infrared spectroscopy (FTIR) 

and thermogravimetric analysis with differential scanning calorimetry (TG-DSC). 
The corresponding diffractogram MCM-41@CAT (Fig. 3) shows a strong 

diffraction peaks corresponding to the (100), (110) and (210) feature the ordered 

hexagonal structure. Peak at (200) is significantly reduced due to loading with the 

active substance, catechin. The diffractogram recorded on MCM-48@CAT (Fig. 4) 

shows three major peaks corresponding to the cubic structure of MCM-48 (211), 

(420), (332) and a peak that has a low intensity (220) due to the loading with 

catechin [18-20]. By loading the mesoporous silica with catechin, a slight shift of 

peaks can be observed in both cases compared to the non-loaded mesoporous silica 

(MCM-41 and MCM-48). 

 
Fig. 3. XRD diffractogram of MCM-41@CAT 

 
Fig. 4. XRD diffractogram of MCM-48@CAT 
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Images (Fig. 5) of the mesoporous silica loaded with catechin showed 

spherical morphology for MCM-41@CAT and the presence of quasi-spherical 

silica particles for MCM-48@CAT. The loaded materials have silica particles with 

variable sizes between 200-300 nm and small agglomerations of particles can be 

observed by loading. 

  

MCM-41@CAT 

  

MCM-48@CAT 

Fig. 5. SEM images of MCM-41@CAT and MCM-48@CAT 

 

The BET analysis of the porous materials and the nitrogen 

absorption/desorption isotherms were determined (Fig. 6) and important 

characteristics of the pores, such as the pore volume and specific surface area (Table 

1). Comparing with the initial BET surface area values of mesoporous silica, MCM-

41 (1179.63 m2/g) and MCM-48 (1482 m2/g), obtained and described in the 

previous article [21], can be observed a significant decrease of surface area and pore 

volumes for materials loaded with catechin. MCM-41@CAT has a BET surface 

area 11.04 times lower than MCM-41 and MCM-48@CAT 3.36 times lower than 

MCM-48. 
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Table 1 

Textural parameters of mesoporous silica loaded with catechin 

Sample 
BET Surface Area 

(m2/g) 

Langmuir 

Surface Area 

(m2/g) 

Volume of pores 

(cm3/g) 

MCM-41@CAT 106.8464 158.3837 0.7910 

MCM-48@CAT 439.8596 648.7318 0.3606 

 

The difference in pore loading between MCM-41 and MCM-48 may be due 

to the different structure of the pores, hexagonal (MCM-41) and cubic (MCM-48). 

The Fig. 6 shows the absorption/desorption isotherms of nitrogen at P/P0 between 

0 and 1. The absorption/desorption isotherms are of type IV and are completely 

reversible, which indicates a uniformity of the pore size. 
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Fig. 6. Nitrogen adsorption–desorption isotherms of MCM-41@CAT and MCM-48@CAT 

 

To characterize the structure of the materials, FTIR spectra of MCM-

41@CAT and MCM-48@CAT were recorded. The Fig. 7 shows the FTIR spectra 

for the two materials in which the absorption bands representative for mesoporous 

silica can be observed, the band at ~1230 cm-1 and ~1047 cm-1 which can be 

attributed to asymmetric Si-O-Si group with stretching vibrations and the band 

associated with the silanol group at ~965cm-1. At ~815 cm-1 the stretching 

vibrations of the symmetric Si-O-Si are identified while the peak from ~436 cm-1 

is generated by the Si-O-Si moiety's deformation vibrations [22, 23].  

By loading the silica support with the active substance catechin, the 

absorption band in the area of 3300 cm-1 characteristic of the stretching vibrations 
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the O-H bonds is observed, which corresponds to the phenolic groups. Most of the 

bonds specific to the catechin structure can be observed in the absorption area 

~1100-1700 cm-1 due to the high absorptivity of silica, strong intensity bands at 

~1700 cm-1 and ~1616cm-1 for C=C aromatic bonds and medium intensity bands at 

~1141 cm-1 for C-O-C group [24]. 

 
Fig. 7. FTIR spectra of mesoporous materials loaded with catechin 

 

The amount of catechin loaded on mesoporous silica was evaluated by 

thermal analysis (Fig. 8), together with the behavior at heating. 

 
Fig. 8. Thermal analysis for the MCM-41 and MCM-48 mesoporous silica supports and the catechin 

corresponding loaded materials 



New drug delivery system with catechin loaded in mesoporous silica nanoparticles            23 

In the first process, up to 200oC, the samples are losing some residual acetone 

molecules and water bounded into the silica pores or on the particles surface. After 

200oC the organic part is degraded, the catechin being oxidized in two overlapped 

reactions, as indicated by the shape of the DSC exothermic effects. In the first reaction 

a partial oxidation is taking place, without a significant mass loss, associated with the 

effect from ~275oC. In the second reaction the residual carbonaceous mass is burned 

away, the process being accompanied by a strong and broad exothermic effect with 

maximum at 408oC. The most relevant data derived from thermal analysis are 

presented in Table 2. 

Table 2. 

Thermal analysis data for MCM-41/48 and for MCM-41/48@CAT samples 

Sample 
Mass loss (%) 

RT-200oC 

Mass loss (%) 

200-900oC 

Endo 

effects 

(oC) 

Exo effects 

(oC) 

Estimated 

load 

(%CAT) 

MCM-41 1.86 2.60 64.1/188.5 - - 

MCM-48 0.97 1.97 68.7/217.8 - - 

MCM-41@CAT 10.21 30.35 73.5 274.1/408.8 37.80 

MCM-48@CAT 11.40 22.40 64.7 277.6/408.4 31.89 

 

The estimated loaded catechin onto mesoporous silica is 37.80% for the MCM-

41 sample and 31.89% for the MCM-48 support. The differences are in agreement with 

the results from BET analysis which indicates a better loading efficiency for the MCM-

41 support due to its hexagonal pore shape. The results are also in agreement with our 

previous studies where MCM-41 has exhibited a higher loading capacity for ferulic 

acid [25], coumaric and caffeic acid [17]. It is worth noting that for gallic acid the 

loading of various amounts onto MCM-41 and MCM-48 had the same results only for 

the highest concentration [21]. The process of loading smaller quantities of gallic acid 

yielded a better percentage for MCM-48 support. This indicates that MCM-48 support 

has a better entrapment efficiency at low concentrations but has a lower overall 

capacity. 

In the release study, the behavior of catechin is observed in the two 

simulated biological fluids with different pH. In SGF (Fig. 9), MCM-48@CAT has 

a maximum degree of catechin recovery of ~23% after 5h and and then decreases 

probably due to some degradation or precipitation process and additional studies 

are needed. Unlike MCM-48@CAT, MCM-41@CAT reaches a degree of catechin 

recovery of ~68 % after 3h and then decreases once with the passage of time. 
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Fig. 9. Degree of recovery from mesoporous silica support in SGF 

 

In SIF (Fig. 10), the behavior of the two materials is maintained, but with a lower 

degree of catechin recovery. The degree of catechin recovery from MCM-41@CAT 

was a maximum of ~58% and from MCM-48@CAT was ~20%, but after 4h a small 

decrease in the percentage of recovered catechins can be observed. In both fluids, 

the two materials release catechin in different percentages, but after a short period 

of time (approx. 5h) a decrease in the percentage of catechin is observed, which 

probably means a degradation of catechins in the working environment. 
 

0 2 4 6

0

10

20

30

40

50

60

D
e

g
re

e
 o

f 
re

c
o

v
e

ry
 (

%
)

Time (h)

SIF

 MCM-48@CAT

 MCM-41@CAT

 
Fig. 10. Degree of recovery from mesoporous silica support in SIF 

In the study by Kassem et al. [26] catechin was loaded into the mesoporous 

silica nanoparticles with a pH-responsive enteric polymer. They did release studies 

in two simulated biological fluids with acidic pH (1.9) and neutral pH (7.4) and 

observed that uncharged catechin was released in a proportion of 95% in the first 2 

hours while that loaded in mesoporous silica nanoparticles was released 

approximately 79% in the first 2 hours. Following the study, it was observed that 

catechin undergoes rapid oxidative and metabolic degradation, which also explains 

the decrease in the release rate after 2 hours in our study. As can be seen in figures 
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9 and 10, there are differences in the behavior of the two materials in both simulated 

biological fluids. Wang et al. [27] studied the loading of the drug cilostazol in 

MCM-41 and MCM-48 and observed a higher release rate of the drug released from 

MCM-41 compared to MCM-48, associated with the differences in specific 

surfaces and pore size. Thus, we noticed that there are differences between BET 

surface areas and volume pores, and the difference between charged materials 

compared to non-charged materials is significantly greater, which means that the 

materials and release have a different behavior. 

 

4. Conclusions 

 

In this study, we obtained two systems made of mesoporous silica support, 

MCM-41 and MCM-48, loaded under vacuum with 400 mg of catechin/g of 

mesoporous silica. The obtained materials considerably reduced their surface area 

and pore volume, determining the surface area for MCM-41@CAT 106.84 m2/g 

and for MCM-48@CAT 439.85 m2/g. Through SEM analysis, the morphology of 

the nanoparticles was identified and that the materials kept their spherical (MCM-

41@CAT) and quasi-spherical (MCM-48@CAT) shape, only small agglomerations 

were observed, most likely due to the deposition of a small amount of catechin on 

the outer surface of the nanoparticles. The absorption spectra obtained through 

FTIR analysis show us the absorption bands related to the silica support, but also 

part of the absorption bands of catechin. To observe the behavior of catechin in two 

environments with different pH, the release of catechin from mesoporous materials 

was studied up to 28h in SGF and SIF. Analyzing the catechin recovery curves we 

can conclude that MCM-41@CAT has a higher release recovery, but the system 

must be improved by functionalization or coating with a polymer to further extend 

the release time. Considering the obtained results, the obtained mesoporous systems 

have the potential to be used in controlled release systems, but their improvements 

are necessary and biological analyses should be performed to highlight the 

antioxidant activity of the systems. 

 

Funding 

 

This work was supported by a grant of the Ministry of Research, Innovation 

and Digitization, CCCDI—UEFISCDI, project number PN-III-P2-2.1-PED-2021-

1788, within PNCDI III; 647PED/2022 “Nutraceutice nanostructurate inovative cu 

bioactivități sinergice pentru protecție hepato-digestivă”. 



26      G. Petrisor, L. Motelica, D. Ficai, R. Trusca, A. Surdu, G. Voicu , O. Cristian Oprea, A. Ficai 

R E F E R E N C E S 

 

[1] L. Motelica, B.S. Vasile, A. Ficai, A.V. Surdu, D. Ficai, O.C. Oprea, E. Andronescu, G. 

Mustatea, E.L. Ungureanu, A.A. Dobre, Antibacterial Activity of Zinc Oxide Nanoparticles 

Loaded with Essential Oils, Pharmaceutics 15(10) (2023) 2470. 

[2] O. Gherasim, R.C. Popescu, V. Grumezescu, G.D. Mogosanu, L. Mogoanta, F. Iordache, A.M. 

Holban, B.S. Vasile, A.C. Birca, O.C. Oprea, A.M. Grumezescu, E. Andronescu, MAPLE 

Coatings Embedded with Essential Oil-Conjugated Magnetite for Anti-Biofilm Applications, 

Materials 14(7) (2021) 1612. 

[3] C. Chircov, M.F. Matei, I.A. Neacsu, B.S. Vasile, O.C. Oprea, A.M. Croitoru, R.D. Trusca, E. 

Andronescu, I. Sorescu, F. Barbuceanu, Iron Oxide-Silica Core-Shell Nanoparticles 

Functionalized with Essential Oils for Antimicrobial Therapies, Antibiotics-Basel 10(9) 

(2021) 1138. 

[4] D. Ficai, O. Oprea, A. Ficai, A.M. Holban, Metal Oxide Nanoparticles: Potential Uses in 

Biomedical Applications, Curr Proteomics 11(2) (2014) 139-149. 

[5] B.S. Negreanu-Pirjol, O.C. Oprea, T. Negreanu-Pirjol, F.N. Roncea, A.M. Prelipcean, O. 

Craciunescu, A. Iosageanu, V. Artem, A. Ranca, L. Motelica, A.C. Lepadatu, M. Cosma, 

D.R. Popoviciu, Health Benefits of Antioxidant Bioactive Compounds in the Fruits and 

Leaves of Lonicera caerulea L. and Aronia melanocarpa (Michx.) Elliot, Antioxidants 12(4) 

(2023) 951. 

[6] M. Meran, H. Emisoglu-Kulahli, Encapsulation of catechin derivatives in single-walled carbon 

nanotubes, Comput Theor Chem 1226 (2023) 114206. 

[7] J. Gopal, M. Muthu, D. Paul, D.H. Kim, S. Chun, Bactericidal activity of green tea extracts: the 

importance of catechin containing nano particles, Sci Rep-Uk 6 (2016) 19710. 

[8] N. Khan, H. Mukhtar, Tea polyphenols for health promotion, Life Sci 81(7) (2007) 519-533. 

[9] C.F. Rodrigues, K. Ascençao, F.A.M. Silva, B. Sarmento, M.B.P.P. Oliveira, J.C. Andrade, 

Drug-Delivery Systems of Green Tea Catechins for Improved Stability and Bioavailability, 

Curr Med Chem 20(37) (2013) 4744-4757. 

[10] A. Javadkhani, B. Shokouhi, A. Mosayebzadeh, S. Safa, M. Fahimi, S. Sharifi, S.M. Dizaj, S. 

Salatin, Nano-Catechin Gel as a Sustained Release Antimicrobial Agent against Clinically 

Isolated for Promising Treatment of Periodontal Diseases, Biomedicines 11(7) (2023) 1932. 

[11] C. Chircov, A. Spoiala, C. Paun, L. Craciun, D. Ficai, A. Ficai, E. Andronescu, S.C. Turculet, 

Mesoporous Silica Platforms with Potential Applications in Release and Adsorption of 

Active Agents, Molecules 25(17) (2020). 

[12] Y.Z. Wang, L.Z. Sun, T.Y. Jiang, J.H. Zhang, C. Zhang, C.S. Sun, Y.H. Deng, J. Sun, S.L. 

Wang, The investigation of MCM-48-type and MCM-41-type mesoporous silica as oral solid 

dispersion carriers for water insoluble cilostazol, Drug Dev Ind Pharm 40(6) (2014) 819-828. 

[13] P. Kazemzadeh, K. Sayadi, A. Toolabi, J. Sayadi, M. Zeraati, N.P.S. Chauhan, G. Sargazi, 

Structure-Property Relationship for Different Mesoporous Silica Nanoparticles and its Drug 

Delivery Applications: A Review, Front Chem 10 (2022). 

[14] L. Rashidi, Different nano-delivery systems for delivery of nutraceuticals, Food Biosci 43 

(2021). 



New drug delivery system with catechin loaded in mesoporous silica nanoparticles            27 

[15] S. Kumar, M.M. Malik, R. Purohit, Synthesis Methods of Mesoporous Silica Materials, Mater 

Today-Proc 4(2) (2017) 350-357. 

[16] K. Trzeciak, A. Chotera-Ouda, I.I. Bak-Sypien, M.J. Potrzebowski, Mesoporous Silica Particles 

as Drug Delivery Systems-The State of the Art in Loading Methods and the Recent Progress 

in Analytical Techniques for Monitoring These Processes, Pharmaceutics 13(7) (2021). 

[17] G. Petrisor, L. Motelica, D. Ficai, R.D. Trusca, V.A. Surdu, G. Voicu, O.C. Oprea, A. Ficai, E. 

Andronescu, New Mesoporous Silica Materials Loaded with Polyphenols: Caffeic Acid, 

Ferulic Acid and p-Coumaric Acid as Dietary Supplements for Oral Administration, 

Materials 15(22) (2022) 7982. 

[18] M. Bhagiyalakshmi, L.J. Yun, R. Anuradha, H.T. Jang, Synthesis of chloropropylamine grafted 

mesoporous MCM-41, MCM-48 and SBA-15 from rice husk ash: their application to CO 

chemisorption, J Porous Mat 17(4) (2010) 475-484. 

[19] T. Vu, T. Deksissa, J.J. Xu, Development and characterization of a hybrid mesoporous material 

infused with metallic oxide nanoparticles for water treatment, Nanomater Nanotechno 7 

(2017) 1847980417727428. 

[20] J. Kong, S.S. Park, C.S. Ha, pH-Sensitive Polyacrylic Acid-Gated Mesoporous Silica 

Nanocarrier Incorporated with Calcium Ions for Controlled Drug Release, Materials 15(17) 

(2022) 5926. 

[21] G. Petrisor, D. Ficai, L. Motelica, R.D. Trusca, A.C. Birca, B.S. Vasile, G. Voicu, O.C. Oprea, 

A. Semenescu, A. Ficai, M.I. Popitiu, I. Fierascu, R.C. Fierascu, E.L. Radu, L. Matei, L.D. 

Dragu, I.M. Pitica, M. Economescu, C. Bleotu, Mesoporous Silica Materials Loaded with 

Gallic Acid with Antimicrobial Potential, Nanomaterials-Basel 12(10) (2022) 1648. 

[22] X.Y. Huang, N.P. Young, H.E. Townley, Characterization and Comparison of Mesoporous 

Silica Particles for Optimized Drug Delivery, Nanomater Nanotechno 4 (2014). 

[23] D.F. Enache, E. Vasile, C.M. Simonescu, A. Razvan, A. Nicolescu, A.C. Nechifor, O. Oprea, 

R.E. Patescu, C. Onose, F. Dumitru, Cysteine-functionalized silica-coated magnetite 

nanoparticles as potential nano adsorbents, J Solid State Chem 253 (2017) 318-328. 

[24] S. Dahiya, R. Rani, S. Kumar, D. Dhingra, N. Dilbaghi, Chitosan-Gellan Gum Bipolymeric 

Nanohydrogels-a Potential Nanocarrier for the Delivery of Epigallocatechin Gallate, 

Bionanoscience 7(3) (2017) 508-520. 

[25] G. Petrisor, L. Motelica, D. Ficai, C.I. Ilie, R.D. Trusca, V.A. Surdu, O.C. Oprea, A.L. Mirt, G. 

Vasilievici, A. Semenescu, A. Ficai, L.M. Ditu, Increasing Bioavailability of Trans-Ferulic 

Acid by Encapsulation in Functionalized Mesoporous Silica, Pharmaceutics 15(2) (2023) 

660. 

[26] A.M. Kassem, M. Almukainzi, T.M. Faris, A.H. Ibrahim, W. Anwar, I.A. Elbahwy, F.R. El-

Gamal, M.F. Zidan, M.A. Akl, A.M. Abd-ElGawad, A.I. Elshamy, M. Elmowafy, A pH-

sensitive silica nanoparticles for colon-specific delivery and controlled release of catechin: 

Optimization of loading efficiency and in vitro release kinetics, Eur J Pharm Sci 192 (2024) 

106652. 

 

 

 



28      G. Petrisor, L. Motelica, D. Ficai, R. Trusca, A. Surdu, G. Voicu , O. Cristian Oprea, A. Ficai 

[27] Y. Wang, L. Sun, T. Jiang, J. Zhang, C. Zhang, C. Sun, Y. Deng, J. Sun, S. Wang, The 

investigation of MCM-48-type and MCM-41-type mesoporous silica as oral solid dispersion 

carriers for water insoluble cilostazol, Drug Dev Ind Pharm 40(6) (2014) 819-28. 

 


