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Abstract 

The aim of this work is to study the behavior of SBA-15 synthesized using amorphous silica extracted from 

different parts of the corn plant, as drug carriers. The synthesized nano-silica and mesoporous SBA-15 were 

characterized by x-ray diffraction (XRD), thermogravimetric analysis (TGA), x-ray fluorescence (XRF), scanning 

electron microscopy (SEM), transition electron microscopy (TEM), Fourier transform infrared (FT-IR), and N2 

isotherms. SEM and TEM images showed that SBA-15 is formed by spongy agglomerated nanoparticles revealing 

the growth of hexagonal shaped domains. The synthesized SBA-15 was modified with cetyltrimethylammonium 

bromide (CTAB), to increase the carriers' capacity. The SBA-15 and modified SBA-15 show hexagonal order 

with decreasing pore size from 7.5 nm to 5.5 nm after modification, and surface area from 488 m2/g to 127.75 
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m2/g in modified SBA-15. Finally, SBA-15 and modified SBA-15 were used as a carrier for valproic acid. The 

release studies were carried out at λ max = 205 nm by UV-Vis. The results indicated that the release of the drug 

increased with increasing pH and time. As the drug moves, the digestive tract increases from the stomach to the 

intestine, and a pH of 6.8 resembling the best results as compared with pH 1.2. 

Keywords: Mesoporous SBA-15 nanoparticles, Valproic acid, Drug delivery, Release, Carriers. 

 

1. Introduction 

According to the name of the IUPAC, the term 

"porous" refers to a substance that has nano-sized 

cavities. The porous microstructure has a cavity 

diameter smaller than 2 nm, mesoporous material has a 

cavity diameter in the range of 2 to 50 nm, and the 

coarse porous material has a diameter of the cavity 

larger than 50 nm [1]. In cases where large molecules 

such as enzymes, proteins, and large hydrocarbon 

molecules present in crude oil are intended to perform 

a reaction, porous materials with small pores exhibit 

many limitations and deficiencies. A lot of research has 

been done in the synthesis of porous materials with 

larger pore sizes [2]. Porous solids with their unique 

structural composition combine to have significant 

potential for the development of various processes, 

such as environmental processes and industry [3]. 

These materials have important applications in the field 

of ion exchange, petroleum refining, petrochemicals, 

catalysts, adsorbents, gas separation, agriculture, etc. 

[4-8]. 

One of these porous materials is SBA-15, which 

consists of six-cornered silicate cavities that are 

arranged in parallel and very well together [9]. One of 

the most prominent features of SBA-15 is its extremely 

high-level specific surface, which in some cases 

amounts to 1000 m2 / g. This mesoporous has a high 

thermal resistance and stables its structural order up to 

550 °C [10]. 

Agricultural wastes, such as stems, cobs, and leaves of 

corn, have little economic value and are unpleasant for 

the environment. Today, they are part of the waste 

management problem. The conversion of these 

agricultural wastes into a silica source in the synthesis 

of cheap zeolites and silica can be a good way to solve 

environmental problems for their uses. Although silica 

production from agricultural wastes is not as much as 

in quartz or sand production, it can still be used to 

provide industrial needs [11,12]. 

In recent decades, important advances have been made 

in the manufacture of drugs for the treatment of various 

types of diseases, which has led to a better 

understanding of the physicochemical properties of 

drug molecules, as well as better recognition of cellular 

absorption mechanisms and, as a result, a widespread 

and effective therapies. Initially, chemotherapy for the 

treatment of diseases, common therapies, was based on 

the use of traditional toxic drugs that had adverse side 

effects and limited beneficial effects. Many of these 

problems are due to the absence of a clear target in anti-

tumor drugs because in this case, the drug is injected 

into the circulatory system and involves all healthy 

cells and the patient. To overcome this problem, a 

targeted drug delivery system has been designed to 

carry the effective amounts of drug to target tissue cells 

[13]. One of the most important applications for human 

health care is a controlled drug delivery system. In 

essence, a drug delivery system can be defined as a 

formulation that controls the rate, time of drug 

delivery, drug release and targets areas of the body 

[14,15]. Various carriers include polymers, proteins, 

magnetic nanoparticles, liposomes, cyclodextrin, 

polyethylene glycol, and zeolites. The use of mineral 

carriers to control drug release is considered to be an 

important topic in the science of medicine and 

materials. There are plenty of reports about organic 

polymers around the drug supply [16]. However, fewer 

studies have been carried out on the use of mineral 

porous material as a carrier of medicine, and research 

is still ongoing [17]. 
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SBA-15 has been considered as the potential drug 

carrier material according to the large surface area, big 

pore size, and easy surface modification [18]. Lots of 

interest in the physical-chemical processes has 

stimulated the study of silicate oligomeres in aquase 

alkalin solution and their possible link to zeolite 

nucluation and crystal groth [19]. However, laboratory 

and industerial synthesis involve typicaly only aquese 

procursor splution, several authors  studying dissolved 

silicate oligomers have noted  the effect of adding 

organic additives to silicate solution [20]. For example 

the effect of (2-hydroxyethyl) trimethylammonium (2-

HETMA) cation on the equilibrium of silicate 

oligomers in aqueous alkaline silicate solutions was 

investigated using 29Si NMR spectra [21]. 

Some insoluble drugs like ibuprofen, nimodipine, 

itraconazole, have been used to control the delivery 

from SBA-15 [22,23]. The organic compounds can be 

used for modification of SBA-15 to control drug 

release. These compounds can modify the inner acidic 

[24] or basic [25] surface of channels. For example, 

mesoporous materials modified with amine groups and 

carboxylic groups were applied as carriers for the 

adsorption of acidic and basic drugs respectively 

[26,27]. Valproic acid (VPA) is one of the most 

important drugs used to treatment simple and complex 

epilepsy. In this type of epilepsy, the patient suddenly 

suffers from loss of consciousness, so her face remains 

unresponsive, remains immobile. Valproic acid helps 

reduce the incidence of epileptic seizures. It is also 

used to stabilize mood in bipolar disorder (depression-

mania) and migraine, but also due to physicochemical 

interaction in gastric and intestinal mucosa causing a 

relatively high incidence of gastrointestinal 

complications and abdominal pain [28,29]. It has 

different serious side effects such as hepatotoxicity, 

pancreatitis, hyperammonemia encephalopathy, and 

coagulation disturbance. In children, the morbidity of 

acute pancreatitis is considered to be 2–2.7: 100,000 

[30]. It was declared in the medical reports that an 11-

year-old boy was accepted by the hospital with 

complaints of torrid tummy and diagnosed acute 

hemorrhagic pancreatitis. Then, SBA-15 can be a good 

candidate for valproic acid adsorption because of its 

relatively large pore size, abundant hydroxyl groups, 

and easily modified surface. 

In this project, we intend to use the various components 

of the corn plant as an agricultural waste to produce the 

corresponding nano-silica synthesis. The objective of 

this project is the synthesis of SBA-15 and modified 

SBA-15 nanoparticles from silica corn, and the 

investigation of its potential in drug delivery as a 

carrier agent for valproic acid as well as the factors 

affecting the loading and releasing of drugs. 

2. Experimental 

2.1. Materials 

The corn stems, leaves, and cobs were collected from a 

field around Mashhad, (IRAN). NaOH, HCl,  and 

H3PO4 were also purchased from Merck. Copolymer 

p123 EO20PO70EO20 (Mav = 5800) was purchased 

from Aldrich. Valproic acid was obtained from Sajad 

Daru pharmaceutical co. Sodium dihydrogen 

phosphate and hexadecyltrimethylammonium bromide 

(CTAB), all analytical grade, were obtained from 

Sigma and disodium hydrogen phosphate from Merck 

(Germany).  

2.2. Apparatus 

The X-ray diffraction pattern of the silica extracted 

from corn waste ashes and calcined mesoporous silica 

was conducted by an X-ray diffractometer (Unisantis 

XMD300) using Cu Kα radiation at 40 kV and 30 mA. 

The chemical composition of silica gel in the form of 

powder extracted from corn ash was analyzed by X-ray 

fluorescence spectrometry (XRF; 8410 Rh 60 kV).  

To indicate the morphology of calcined mesoporous 

silica, SEM images were recorded using a field-

emission SEM (FE-SEM, MIRA3TESCAN-XMU). 

Energy dispersive spectroscopy (EDS) spectra were 

studied by an EDAX Genesis XM2 attached to FE-

SEM. 

In this work, transmission electron microscopy (TEM, 

JEOL 2100, 200 kV) was used to study the pore 

structure of the materials. 
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 On an FT-IR spectrophotometer (Bruker-Vector 22), 

in the range of 500–3500 cm−1 using KBr pellet, the 

vibrations and FT-IR spectra of mesoporous silica were 

recorded. 

The specific surface areas of the samples were 

determined with the Brumauer–Emmett–Teller (BET, 

model BELSORP mini 100 instruments). The pore size 

(diameter DBET) distribution was calculated from 

nitrogen adsorption data using the conventional 

Barrett–Joyner–Halenda (BJH) method. TGA (Netzsch 

STA 409) was used to evaluate the thermal 

characteristic of mesoporous silica.  

For the determination of drug concentration, UV-Vis 

absorbance spectra were recorded using a Cecil 

CE5501 spectrophotometer (Hach dr 5000). 

The value of pH was determined by SevenEasy pH 

Mettler Toledo AG, Switzerland. 

2.3. Extraction of silica from corn ash 

 For extraction of silica, the corn stems, leaves, and 

cobs were collected from a field around Mashhad, 

(IRAN) and washed with water to remove soil and 

contaminants. The stems, leaves, and wood were dried 

at 100 °C and separately burned to ashes in the open 

air. In order to remove the disturbances and obtain pure 

silica, the ashes of each part were separately immersed 

in a 1 molar HCL solution for 4 hours, then the acidic 

solution was filtered, and washed with distilled water 

several times to neutralize. 

After acid washing, each of the three parts, stems, 

leaves, and corn of the corn separately dried in an oven 

at 100 °C over-night and placed in a furnace at 600 °C 

for 24 hours until all the organic matter exposed in the 

ash of the stems, leaves, and wood of the corn plant. 

Further, 10 g of each ash was heated with 60 ml of 1 M 

NaOH, and then the resulting mixture was filtered. The 

residue was heated to 60 ml with distilled water and the 

resulting mixture was refined. The fluid was added 

from the two previous steps. After cooling the liquid, 

the solution was neutralized by one molar HCl to form 

a gel. Once the gel has been formed, it gives one day to 

complete the formation of the gel. The resulting gel 

was then washed with distilled water and placed in an 

oven at 80 °C for 12 hours [30]. The silica obtained in 

the mortar turned into powder and was prepared for 

analysis. 

To investigate the effect of final silica washing after 

extraction, the silica obtained from the previous step 

was again washed with distilled water and separated by 

centrifugation.  

Extraction of silica from corn plants is shown in Fig. 1. 
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Fig. 1. Schematic of extraction of silica from corn and synthesized modified SBA-15. 

 

2.4. Synthesis of mesoporous SBA-15 nanoparticles 

Silicate solution was prepared according to Kalapathy 

et al. [31], approach with some changes. An 

appropriate quantity of silica extracted of corn (2.67 g) 

dissolved in 2 M NaOH (Merck, 98%,) solution at 50 

◦C for 6 h and used as a silica source for the synthesis 

of mesoporous SBA- 15 nanoparticles.            

SBA-15 was synthesized using silica powder extracted 

from corn ash according to Azizi et al [32]. At first, 

copolymer p123 (3 g) was dissolved in an acidic 

solution of 85 wt % H3PO4 (3.61 g of in 55 ml of 

distilled water) under stirring in an oil bath at 40 ◦C 

until a clear solution was obtained. Alkaline sodium 

silicate solution was quickly added to this mixture. 
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Modified 
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H3PO4 (1.84 g) was dissolved in 5 ml water and added 

to the above solution and excess water was added until 

the volume of solution was reached 80 ml. 2 min after 

the addition of H2O to solution, stirring was stopped. 

Then, synthesized gel was transferred to a 

polypropylene bottle and heated at the same 

temperature in an oil bath under stirring for 48 h. Then 

put in the autoclave for 24 h at 100 ◦C. The resulted 

products were filtered, washed with distilled water, and 

dried in an oven at 70 ◦C. Subsequently, the sample was 

calcined at 550 ◦C for 7 h to remove the organic 

template. Synthesized SBA-15 nanoparticles in the 

form of white powder were obtained and were stored 

for further applications. 

2.5. Modification of SBA-15 

Modification of nano-adsorbent was included in the 

following processor. At first, the amount of 0.1 g of 

SBA-15 absorber and 25 ml of NaHCO3 0.016 was 

deposited in the balloon and placed on a heater for 2 

hours in a paraffin bath. The temperature was fixed at 

100 °C and the mixture of SBA-15 and NaHCO3 was 

refluxed for 24 hours, then the extra NaHCO3 solution 

was separated. The next step was the stabilization of 

the CTAB¯O cationic surfactant, in which the OH 

group is bound to SBA-15 to ÅO-SBA, adding 3 ml of 

CTAB (20,000 mgL-1) and after 24 hours at 50 °C, 

reflux, then transfer the contents of the balloon to a 

human body and place the human in an oven at 50 °C 

to dry [33]. The modified SBA-15 Mechanism is 

shown in Fig. 1. 

2.6. Drug loading 

10.0 g of synthesized SBA-15 were soaked with 500 

ml of water solution of 15 mg/ml valproic acid. The 

adsorption process was performed at room temperature 

for 24 h. The concentration of valproaic acid was 

determined by a UV-Vis spectrophotometer [34] at 205 

nm. The amount of drug adsorbed on to modified SBA-

15, qt (μg/g), at time t was calculated using below 

Equation: 

q= (C0-CT)V/M          

 where C0 (mgL-1) is the initial adsorbate concentration, 

V(L) is the volume of the drug solution in the flask, CT 

(mg/L) is the drug concentration after time t and M (g) 

is the mass of dry adsorbent [35,36]. After adsorption, 

the sample was filtered and dried at room temperature 

for 24 h and another 24 h at 100 °C, for the release 

study. 

2.6. In-vitro drug release 

The release of valproic acid from powdered samples 

was performed in two buffered solutions with different 

pH 1.2 (stomach), 6.8 (intestine), at 37 °C with a 

stirring rate of 250 rpm. Phosphate buffer solution 

(PBS) was prepared by mixing sodium hydrogen 

phosphate (0.1 M) and disodium hydrogen phosphate 

(0.1 M) solutions. 200 mg of drug-loaded nanoparticle 

SBA-15 was added into 20 mL of each buffered 

solution. After the indicated period of times (0.30–24 

h) the sample of the drug (alternatively suspension) 

was centrifuged for 15 min and supernatants separated 

for drug determination.  

The concentrations of released drugs were measured by 

UV-Vis spectrophotometer at 205 nm. 

3. Result and discussion 

3.1. Composition of corn and characterization of 

nano silica and synthesized mesoporous SBA-15 

nanoparticles 

XRF analysis was used to determine the amount of 

silica in different parts of stem, leaf, and corn cob. The 

results of this analysis are presented in the following 

tables. According to Table 1, the highest percentage of 

the oxides present in the plant was related to the silica 

(SiO2) in the leaves with 93.53% in comparison with 

83.30% in the stems and 21.1% in corn cobs. 

Regarding the fact that in this study on the corn plant, 

a high percentage of silica was found in the leaves, then 

pure silica was synthesized from the leaves.  
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Table 1. Chemical compositions of different parts of corn ash (wt%) by XRF. LOI, loss of ignition. 

LOI 3SO 3O2Fe 5O2P CaO MnO 2TiO O2K MgO O2Na 3O2Al 2SiO parts 

0.74 0.16 1.47 2.92 1.94 0.09 0.19 3.20 2.65 0.88 2.22. 83.30 Stem 

0.17 0.10 0.750 0.24 0.60 0.04 0.10 1.63 1.87 1.87 0.83 93.75 Leaf 

20.06 0.6 5.19 19.14 14.31 0.12 0.59 3.18 12.15 2.43 0.95 21.10 Cob 

 

The XRD pattern obtained from the silica extracted 

from the leaf ash is shown in Fig. 2. a. This specimen 

has a broad-spectral width in the region 2θ=22, which 

indicates the amorphous and formidable silica 

produced. This is important for the synthesis of zeolites 

and mesoporous material because this broad peak 

shows the formation of amorphous silica. Therefore, 

according to the form of amorphous silica, it can be 

used in the synthesis of mesoporous and zeolites. 

 

 

Fig. 2. a) XRD pattern from silica corn; b) SEM image of silica nanoparticles; c) FT-IR spectrum of silica nanoparticles. 

  

 To illustrate the shape and the size distribution of the 

synthesized silica particles, the SEM images were 

studied. Fig. 2.b shows the SEM images obtained from 

the sample of silica nanoparticles (100 nm). The 

sample consists of a mixture of spherical and uniform 

particles that have an average diameter of 8 to 15 nm. 

The important chemical groups in the silica extracted 

from the corn leaf are determined using the FT-IR 

spectrum, as shown in Fig. 2. c. The narrow strips in 

the range of 500 cm -1 and 800 cm are related to various 

oscillating modes of Si-O or O-Si-O in the silica 

network. The dominant peak in the region of 1000 cm-
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1 to 1300 cm-1 is due to siloxane (Si-O-Si) bonds, and 

the band within the range of 960 cm-1 is related to the 

tensile fluctuations of the silanol groups. The strong 

peak at near, 3500 cm-1 is related to the hydroxyl group 

of the silica.   

 In the case of SBA-15, a low angle x-ray diffraction 

method was used to investigate and determine the 

special structure of nanoparticles of mesoporous silica. 

An XRD pattern typical of SBA-15 is shown in Fig. 3. 

a. The presence of a significant peak in relation to the 

diffraction from the 2 Theta or in miller index (100) 

indicates the formation of the hexagonal ordered 

structure of SBA-15 [37]. Smaller peaks at the higher 

diffraction angles of the plates (110) and (200) also 

represent the structural order of the SBA-15. Also in 

Fig. 3. The XRD pattern of the SBA-15-drug is shown, 

and it can be seen that there are no diffrences in peaks. 

It shows that the structure of mesoporous material 

doesn’t change after loading the drug. 

       

  

 

Fig. 3. a) XRD pattern typical of SBA-15 and SBA-15-drug; b) FT-IR spectrum of SBA-15; c) SEM image of SBA-15; d) TEM image of 

SBA-15. 

 

The infrared spectrum of the nanoparticles of the 

synthesized mesoporous in the range of 500-4000 cm-1 

was shown in Fig. 3. b. In the infrared spectrum of 

nanoparticles, the mesoporous silica particles exhibit a 

strong and wide absorption peak in 773 cm-1 related to 

Si-C tensile vibrations. Symmetric vibrational states 

contain two main components, namely, the movement 

of the two-atomic oxygen atom adjacent to the central 
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silicon atom and the outward-phase motion of two 

oxygen atoms with respect to the central atoms [38]. In 

addition, each symmetrical vibrational state is 

associated with optical transverse optical and optical 

path length. The two absorption bands in 1235 and 

1039 cm-1 related to the transverse optical stretching 

and Si-O-Si optical length, respectively. A strong and 

wide absorption band is attributed to asymmetric 

stretching vibrations in the region 1000-1300 cm-1 [39]. 

In 1138 and 1183 cm-1, when the pairs of non-

symmetrical, longitudinal, and transverse optical strips 

overlap [40], they create a large absorption band in the 

area of 1,000-1,300 cm-1. The peak 3417 corresponds 

to the hydroxyl group and the stretching vibrations of 

the silanol group [41]. The absorption band in 960 does 

not react to the overlap of SiO2 vibration modes, and 

the tensile vibrations of silanol are attributed [42]. The 

strong peak at near, 3500 cm-1 is related to the hydroxyl 

group of the silica. The absorption bar at 550 cm-1 

indicates the formation of the SBA-15 cavity wall [43].  

 Isolated small hexagons are observed in Fig. 3. c as 

SEM images. Transmission electron microscopy 

(TEM) involves the use of a high voltage electron beam 

which is emitted by the cathode and formed with the 

help of magnetic lenses. The electron beam which is 

transmitted from the specimen carries information 

about the structure of the specimen. The spatial 

variation in the image is magnified with a series of 

magnetic lenses before it hits the detector. The images 

produced by this type of electron microscopy are two-

dimensional in nature.  Fig. 3. d shows a TEM image 

of SBA-15 and the pore can be seen in the image with 

bright and dark contrast. Bright regions mark the pores, 

with the dark regions making the pore walls of 

mesoporous silica. Also, it is possible to see the 

channels in the TEM image. 

Using some physical absorption of nitrogen, some 

physical properties of porous silica nanoparticles were 

investigated. The synthesized nanoparticle absorption 

component is shown in Fig. 4. According to the IUPAC 

classification, this homogeneity is related to the 

mesoporous material, indicating that the pore size of 

the sample is located within the mesoporous range. 

This homogeneity has a waste loop in the region 0.6-

0.9 (p/p0) which may indicate a change in mesoporous 

tissue. Also, this waste cycle may indicate a significant 

additional amount of mesoporous. This is confirmed by 

the BJH design, which shows the size distribution of 

the cavities. This shape clearly shows the distribution 

of the two peaks of mesoporous, which can be due to 

the formation of these two peaks of mesoporous, for the 

following reasons: 1- Interference between surfactant 

and SiO2. 2- Hydrolysis of SiO2 to Surfactant. 3- Adjust 

pH reaction. 4- Relative Hydrolysis Rate of SiO2. 5- 

Condensation due to pH setting. Table 2 shows that 

modifying SBA-15 can decrease the surface area of 

nanoparticles of SBA-15 because surfaces are occupied 

with the surfactant.  

        

Fig. 4. BET & BJH of SBA-15. 
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Table 2. BET analysis of SBA-15 & modified SBA-15 

 BET Surface area 

(m2/g) 

BET total pore volume 

(cm3/g) 

Mean pore diameter 

(nm) 

SBA-15 488 0.67 7.5 

Modified SBA-15 127.7 0.49 5.5 

          

The TGA profile of SBA-15 has a major peak of weight 

loss in the range of 150-250 °C, assigned to the loss of 

surfactant by mesoporous, the thermal decomposition 

of surfactant (Fig. 5). The weight loss of 5 % at around 

180˚C < in the first step is due to the existent water in 

the nanocomposites. At T>180 ˚C, a continuous and 

big weight loss is observed, which could be related to 

the combustion of organic material. Physical removal 

of absorbed water molecules is observed at 90 °C. 

According the table. 3 in modified SBA-15 there are 

more organic materials than it is modifier. Then, the 

percentage of weight loss in the range of 180 ˚C and 

900 ˚C is increased, and it can be understood that all 

the pores are filled with CTAB because after 

modification of SBA-15 the total percentage of weight 

loss is 30% that it is near to 13% in SBA-15.          

 

 

 

Table 3. The weight loss of SBA-15 & modified SBA-15 

Sample T  < 180˚C   180˚C < T  < 900 ˚C Total 

SBA-15 5 % 8 % 13 % 

Modified SBA-15 10 % 20 % 30 % 

 

 

Fig. 5. TGA profile of A: SBA-15, B: Modified SBA-15

To illustrate the size, shape, and distribution of 

mesoporous silica nanoparticles, a scanning electron 

microscope was used. Fig. 3. c shows the obtained 

SEM images of the sample SBA-15 that is formed by 

spongy agglomerated nanoparticles, revealing the 

growth of hexagonal-shaped  

 

 

domains. However, in Fig. 6. The SEM image shows 

that after drug loading the more vacant spaces are filled 

with drugs. Fig. 6. b shows after modification, the 

particle of CTAB were attached on the surface and 

within the pores of the SBA-15 in comparison with 

SBA-15, confirming the findings observed by BET.          

                                                                                                                                     

Modified SBA-15  

B 
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    *  

Fig. 6. a) SEM images of SBA-15 after drug loading; b) SEM image of modified SBA-15 with CTAB 

                         

3.2. Adsorption and Drug release studies 

Valproic acid is an anionic drug and should easily 

interact with a positive group, and bonds production is 

stronger than simple physical absorption on SBA-15 

silanol groups. Table 4 shows the basic information 

about the interactions of valproic acid with both 

modified and unmodified SBA-15. The results show 

that the concentration of surfactant is higher, the better 

absorption of valproic acid. The molar ratio between 

valproic acid and CTAB shows that interaction with 

valproic acid is best in relatively low CTAB groups. 

This is because the better availability (for medicine) of 

the functional groups is rarely distributed. For content 

above functional groups, all available sites for 

absorption are not used due to the effects of the steric 

barrier caused by the size of the drug molecule [44]. In 

comparison, drug accumulation posed a lower risk as 

VPA is not the primary substrate for the majority of 

drug transporters across the placenta and lastly [45]. 

All the suggested mechanisms (and possibly many 

more) may be contributing factors, together with inter-

patient variability, environmental and lifestyle factors, 

each of which is also undefined, and lead to an 

increased risk of the teratogenic effects of VPA [45].

Table 4. Adsorption of valproic acid on SBA-15 & modified SBA-15. 

Sample  qt (μg/g) a Amount of CTAB (gr) 

SBA-15 89.10 - 

Modified SBA-15 95.22 0.03 

Modified SBA-15 106.92 0.06 

Modified SBA-15 93.32 0.09 
                                      a: Amount of adsorbed on to SBA-15 & modified SBA-15. 

 

 Results show the release of the drug increases with pH. 

Therefore, a drug increases its release by moving down 

the gastrointestinal tract from the stomach to the 

intestines. 

To investigate the potential of using SBA-15 and 

modified SBA-15 as a drug carrier, the drug release 

rate in 2 buffer solutions at pH of 1.2, 6.8 at 37 °C was 

measured and plotted in Fig. 7. The results showed that 

with increasing pH, the drug in the gastrointestinal tract 

moves from the stomach to the intestine and causes it 

to be more released in the intestine. Therefore, it can be 

concluded that with this carrier, some side effects of the 

drug can be avoided. The amount of drug loading and 

release has increased by about 20%. Therefore, it can 

be said that modifying the SBA-15 can help absorb 

more drugs. 

 

a b 

500 nm 
200 nm 
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Fig. 7. Cumulative release profiles of valproic acid from SBA-15 (a: 6.8, b: 1.2) and modified SBA-15 (c: 6.8) in different pH. 

 

3.3. First pseudo-kinetic pattern 

 In 1898, the Lager Gren showed the first-order 

equation for absorbing the absorbent material from 

aqueous solution on coal [46]. This initial equation was 

based on the kinetic equation for absorbing total/liquid 

systems based on gravity capacity in the adsorption 

phenomenon, which is widely used to describe how 

adsorption kinetics are used. This model assumes that 

the rate of change in absorption of the sample with time 

is directly proportional to the difference in saturation 

concentration of the adsorbed molecule on the 

adsorbent surface and the amount of absorption with 

time. The first-order Lagrange acceleration equation is 

called the first-order company equation [47]. This 

equation is as follows. 

     dqt/dt= K1 - (qe - qt) 

In this equation, qe and qt, respectively, is the adsorbed 

material on the carrier at the time of equilibrium t in 

mg/g and K1, is the pseudo-first-rate constant in terms 

of (h-1). 

By integrating the equation and applying the conditions 

t = 0 to t = t and qt = 0 to qt = qt, the form of the equation 

is converted as follows. 

      Log (qe - qt) = log qe - 
k1

2.303
 t 

The graph in times of t is linear and the values of k1 and 

qe, k1 are obtained from the origin and gradient.  

The log (qe-qt) graph in terms of t is shown in Fig. 8 for 

the first-order kinetics at different initial concentrations 

of the drug and therefore the diffusion process is the 

rate of absorption process because if the experimental 

data are in accordance with the first-order kinetic 

model, the propagation process is the absorption rate 

controller [48-50]. 
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Fig. 8. The first-order kinetic of drug absorption by SBA-15. 

 

4. Conclusion 

Our studies have shown that the corn plant is a very 

suitable and economical resource for the extraction of 

silica and the preparation of SBA-15 nanoparticles. 

These methods that used in this study are fast and easy.  

 The preparation of these nanoparticles was carried out 

in simulated human conditions. The study on SBA-15 

showed that these nanoparticles could be suitable for 

pharmaceutical carrier applications. This study 

investigates the absorption and release of the valproic 

acid drugs on the SBA-15 nanoparticle as a carrier of 

the drug. The absorption of valproic acid on the surface 

of the desired nanoparticles was very successful. This 

drug carrier can reduce toxicity and increase the 

effectiveness of the drug and also control the amount 

of drug release in the body. 
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