
 

 https://biointerfaceresearch.com/  1 of 14 

 

Article 

Volume 13, Issue 3, 2023, 243 

https://doi.org/10.33263/BRIAC133.243 

 

LP-SBA-15/Ketorolac Nanocomposite: Development, 

Characterization, and Mathematical Modeling of 

Controlled Keto Release 

Jorgelina Cussa 1 , Juliana M. Juarez 1 , Marcos B. Gomez Costa 1 , Oscar A. Anunziata 1,*  

1 Center for Research in Nanoscience and Nanotechnology (NANOTEC), Córdoba Regional Faculty, National 

Technological University, Córdoba, Argentina 

* Correspondence: oanunziata@frc.utn.edu.ar (O.A.A.);  

Scopus Author ID 7003541531 

Received: 6.12.2022; Accepted: 28.12.2022; Published: 7.06.2022 

Abstract: Drug-controlled release systems can keep the level of drugs in precise doses in the body 

above the optimal level and with low toxicity. We propose the nanomaterial LP-SBA-15 as an attractive 

new host for drug delivery systems due to its high biocompatibility, in vivo biodegradability, and low 

toxicity. LP-SBA-15/Ketorolac was prepared and characterized by XRD, FTIR, UV-Vis DRS, TEM, 

and texture analysis, determining the adsorption capacity and its release and achieving the required 

therapeutic efficacy. The host shows the ordered mesoporous nanochannels with a diameter of 11-12 

nm, maintaining the structure with the incorporation of Keto. The mechanism of drug release from the 

LP-SBA-15 host was evaluated. Different mathematical models were used to adjust the experimental 

data, the Ritger-Peppas model followed by the Weibull model the best ones. The promising results we 

obtained for the release of the drug thoroughly using the new material, reaching a rapid initial release 

rate, and maintaining a constant rate afterward, allow us to maintain the concentration of the drug in the 

therapeutic efficacy range, applying it largely to the treatment of diseases that require a rapid response. 

Keywords: LP-SBA-15; ketorolac tromethamine; nanostructured host; drug-delivering device; 

nanoscale medicine. 
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1. Introduction 

Mesostructured materials represent a new generation of porous solids characterized by 

regular pores in the nanometer size range (2-50 nm) and susceptible to manipulation depending 

on the needs of each application through different synthesis procedures. The characteristics 

include significant surface development, defined pore structure, and high capacity for the 

adsorption of organic substrates, allowing the considerable potential for different applications. 

The concept of nanotechnology encompasses those fields of technology in which materials, 

substances, and devices of small dimensions, smaller than the micron, namely, on a nanometric 

scale, are studied, obtained, and manipulated thoroughly. The field of Nanotechnology 

includes, in addition to the areas of knowledge related to its origin, other fields in its more 

remote beginnings but for which it has great importance, such as Biology, Medicine, or the 

Environment. Since the first reports of mesoporous materials from C. Kresge [1], new fields of 

exploration have been opened in intra-crystal inclusion chemistry [2], generating materials with 

optimized mechanical, physical, and chemical properties, which can be intelligently controlled 

in a range. Therefore, they are an attractive option to achieve a comprehensive and well-defined 
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system that completes the detailed study of fundamental properties, which has a direct 

application in different technological problems [3,4], such as Nano bioengineering applications 

as in “modified drugs release [5]. Controlled drug release technology is gaining relevance in 

the emerging pharmaceutical and drug industries [6-8]. Nanotechnology allows the release of 

the drug to be minimally invasive as it enables the manufacture of devices on a nanometer 

scale. This size permits these devices to pass through pores and cell membranes. Another major 

advantage is that the drug's effectiveness is increased through the precise control of the required 

dose and size, morphology, and surface properties of the composite [9], preventing enzymatic 

or acidic decomposition of susceptible drugs in the gastrointestinal region [10]. The delivery 

of drugs is an expanding area that primarily focuses on the search for drugs [11]. The controlled 

drug delivery points can provide accurate delivery when and where therapeutic drug agents are 

at the destination, keeping the concentration of the drug directly in the organism at the optimal 

time and below the tolerance level, improving the effectiveness of the treatment and reducing 

the risk of damage [12]. Nanotechnology applied to the administration, diagnosis, and 

development of drugs represents a change in medicine of this century. This field will generate 

important results; hence, the drug is monitored for each day or week according to the condition 

to be addressed. Nanoreservoirs for drug delivery can be inorganic or organic nanostructures 

and comply with biocompatibility and non-toxicity. In this way, less non-desirable influences 

and higher drug intake are expected [13]. The focus has been mainly on nanoscience and 

nanotechnology in the recent past.  

The application of nanoscience and nanotechnology in medicine, and more specifically 

in the field of drug delivery, is set to increase rapidly. Recent progress in developing new 

materials has increased research interest in sample preparation due to their desirable 

characteristics and benefits compared to traditional and commercial drugs. Nanoparticle drug 

delivery systems present an exciting opportunity as alternative platforms to improve the 

efficacy and safety of currently used drugs. For this reason, the use of new materials is 

extensively explored in the manufacture of nanomedicine [14,15]. Mesoporous materials have 

unique pore size, higher surface area, and pore volume and have been widely employed as 

carriers for controlled drug delivery. Compared with amorphous colloidal and porous silica, 

mesoporous silicas exhibit higher loading of drugs and provide a controlled drug release if 

modified by functionalization [16]. Larger pore sizes are attainable by mixing additives with 

greater critical molecular size, as well as by modifying the reaction conditions [17, 18]. The 

incorporation of drugs in hosts of the SBA (Santa Barbara Silicates) family improves the 

bioavailability of poorly water-soluble drug molecules due to their large surface area and Si-

OH-type interaction sites, ordered pore systems of 5-10 nm, allowing higher host loadings and 

homogeneous and reproducible drug release [19]. The organic surface modification of this 

large-pore mesoporous silica has raised considerable interest in different research fields such 

as catalysis, adsorption, separation processes, and drug delivery systems [20].  

SBA-15 is mesoporous material with a large, controlled pore size and highly ordered 

hexagonal topology [5]. The pore size of SBA-15 is usually 6 nm in diameter [21]. Numerous 

reports concerning the application of SBA-15 as a host in the drug delivery system report 

promising results [5,22-24]. Mesoporous silica LP-SBA-15 (large pore) material is a crystalline 

mesoporous molecular framework with an ordered and precise mesoporous system [25]. This 

material has the attractive properties of the uniform pore size of 12 nm running along the same 

direction; moreover, due to high biocompatibility, in vivo biodegradability, and low toxicity 
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[26,27], thus mesostructured silica with a large pore (LP-SBA-15) is a new promising host for 

drug delivery systems.  

Ketorolac tromethamine is a nonsteroidal anti-inflammatory drug with potent analgesic 

and moderate anti-inflammatory activity. It is widely used in clinics intra-muscularly or 

intravenously to treat moderate to moderately severe pain in perioperative, postoperative, and 

emergency department settings [28]. This significant dissociation between analgesic and anti-

inflammatory effects provided the foundation for advancing medicine as an exceptional anti-

inflammatory and analgesic [29-32]. Concerning nonsteroidal anti-inflammatory drugs 

NSAIDs, numerous reports relating to the application of formulations based on composite 

KETO/nanomaterial have been published [32,33]. Recently, we reported a promising drug 

storage material for the effective encapsulation and controlled release of KETO; the study 

demonstrated the storage capacity and release properties of SBA-15 containing KETO. The 

release of KETO contained in SBA-15 can offer a significant improvement in controlled drug 

release and enhance a good analgesic effect [5]. Advancing in this sense, this work studies the 

usage of mesoporous LP-SBA-15 with large pore size, which by the effect of the interaction 

between the host and drug molecules and by diffusion through the porosity of LP-SBA-15, 

leads to a substantial contribution to controlled drug release. Academic and industrial 

researchers have highlighted nanomaterial-based drug delivery.  

As the first report found in the literature on this specific composite, the main objective 

of this research is to evaluate the adsorption performance and storage qualities of LP-SBA-15 

/ KETO and the release, achieving the required therapeutic efficacy. 

2. Materials and Methods 

2.1. Materials. 

Tetraethylorthosilicate (TEOS, 98%, Sigma–Aldrich), Poly(ethylene glycol)-block-

poly(propylene glycol)-block-poly (ethylene glycol), (EO20PO70EO20, P123-Sigma–Aldrich, 

≥99.0%, FLUKA), Ammonium fluoride (NH4F, ≥99.0%, Sigma-Aldrich), 1,3,5-

Triisopropylbenzene (C6H3[(CH(CH3)2]3, 95%, Sigma-Aldrich)   Ketorolac Tromethamine 

(99.5%, Fluka; KETO), Buffer pH 7 (Ciccarelli) and HCl (Ciccarelli, 36-38 % wt.).  

2.2. Characterization. 

Structural and textural characteristics, imaging, and vibrational studies were conducted 

employing the following equipment: X'Pert Pro PANalytical, ASAP 2020, JEOL 2100F, and 

JASCO 5300 FTIR, respectively. UV-Vis studies were made in Jasco 7800 equipment. 

Ultraviolet-visible diffuse reflectance spectroscopy (UV-Vis DRS) was used to determine the 

presence of the drug inside the host, recorded with a Perkin Elmer Lamba 650 

spectrophotometer equipped with a diffuse reflectance accessory. 

2.3. Synthesis of LP-SBA-15. 

To synthesize mesoporous SBA-15 material with pore sizes greater than that of a 

traditional SBA-15, we followed a method that uses an expanding agent of micelles [34]. 

Specifically, 2.4 g of the template ingredient (Pluronic 123 copolymer, Aldrich) and 0.027 g of 

NH4F dissolved in 85 mL HCl (1.3 M) at ambient temperature were placed in a water bath at 

17ºC for 1h. Later, 5.5 mL of tetraethylorthosilicate (TEOS, Aldrich) and 1.2 mL of 1,3,5-
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triisopropyl benzene (TIPB, Aldrich) were incorporated. Later, 5.5 mL of 

tetraethylorthosilicate (TEOS, Aldrich) and 1.2 mL of 1,3,5-triisopropyl benzene (TIPB, 

Aldrich) were incorporated and maintained with mechanical agitation at this temperature for 

24h. The remaining white suspensions were then aged at 100°C (LP) under static and autogenic 

pressure 24 h. The solid products were collected by filtration. To eliminate the templating 

agent, the solid obtained was heated under a flow of N2 at 20 mL/min at 470°C and then heated 

again at 550 °C under static air for 6 h. The resultant mesoporous material large pore SBA-15 

was named LP-SBA-15. 

2.4. Drug-loading procedure. 

The drug (ketorolac tromethamine) was dissolved in 20 mL of ethanol with dynamic 

agitation at 37°C (35 mg/mL), and then 15 mg/mL of the mesoporous silica material was 

introduced. The mixture was maintained at ambient temperature for 24 h in constant stirring in 

a sealed reactor to avoid any evaporation of ethanol. Subsequently, the mixture was filtered 

and dry for 24 h at 37 °C. The samples were designated LP-SBA-15 / KETO. 

2.5. Drug release studies. 

The release of the drug was evaluated by reproducing the physiological conditions and 

immersing the composite in an HCl solution (0.1 M) for the first two hours and in Buffer 

solution pH = 7 for the following hours to reproduce the conditions of the organism. The entire 

test was conducted at 37 °C with constant stirring. Release experiments were conducted to 

evaluate the requisite efficacy of the treatment. At varying times, 5 mL samples were taken and 

filtered. The study was performed by UV-Vis spectrophotometry to evaluate the quantity of 

KETO released at λ = 346 nm. 

Furthermore, a reference solution of HCl (0.1 M) and Buffer pH = 7, with diverse 

concentrations of KETO, was set to produce the curve of absorbance versus concentration. 

Since in the study of in vitro release, it is necessary to achieve the system carefully, to work 

with safety, precision, and quality of the drug delivery systems based on nanoparticles, the 

variety of available methods makes it difficult to compare the results obtained. Thus, as 

reported by Weng et al. [35],  a sample and separately (SS) method combining USP II (United 

States Pharmacopoeia USP) with centrifugal ultrafiltration (CU) was used to achieve efficient 

separation of the free drug from the reservoir containing it.  

The models used to adjust the Ketorolac release mechanism from the LP-SBA-15 

matrix are the first-order kinetic model, the Higuchi model, the Schott model, the Weibull 

model, and the Ritger and Peppas model. These mathematical models are the most widely used 

to determine the drug release mechanism of a delivery system. This method has been applied 

to the absorption and disposal of several drugs [36]. It can be implemented to describe the 

dissolution of water-soluble drugs contained in some porous structures, although it is difficult 

to conceptualize this mechanism theoretically. 
𝑀𝑡

𝑀∞
= 1 − 𝑒−𝑘𝑡               (1) 

where Mt / M∞ is the fraction of drug released at time t and k is the first-order release constant. 

This relationship can be applied to explain the dissolution of the drug from some form 

of pharmaceutical administration, like those with water-soluble drugs in porous arrays [37], in 

which the host releases the drug in proportion to the amount of drug left inside so that the 

quantity of drug liberated per unit of time diminishes. 
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Higuchi [38,39] developed several theoretical models to study the release of water-

soluble and poorly soluble drugs incorporated into semisolid and solid matrices. This model 

describes drug release as a diffusion process based on Fick’s law, dependent on the square root 

of the release time. It is possible to simplify the Higuchi model as 
𝑀𝑡

𝑀∞
= 𝑘√𝑡              (2) 

Where k is the Higuchi dissolution constant, this relationship can also be applied to describe 

the dissolution of drugs through various types of modified-release pharmaceutical delivery 

modes, such as some transdermal systems and tablet matrices of water-soluble drugs [40,41]. 

The Schott model [42] develops second-order release kinetics: 
𝑑𝑀𝑡

𝑑𝑡
= 𝑘(𝑀∞ −𝑀𝑡)

2             (3) 

The solution integrating between the limits M = 0 when t = 0 and Mt results in [42]: 

𝑀𝑡 =
𝑘𝑀∞

2 𝑡

1+𝑘𝑀∞𝑡
             (4) 

For the weight fraction of drug released, the following would remain 
𝑀𝑡

𝑀∞
=

𝑘𝑀∞𝑡

1+𝑘𝑀∞𝑡
              (5) 

where k is the second-order velocity constant according to the Schott model. 

The Weibull function (or exponential stretching function) was proposed to depict the 

performance of a considerable number of conditions for an unknown analytical form [43]. 

Although the Weibull function provides reasonable fits has no physical basis since it is 

not derived from the diffusion equation. Therefore, the Weibull fit is not necessarily associated 

with the physical variables that describe the process (like diffusivity), the geometry of the 

system, or the structure of the host matrix. In particular, the Weibull feature can be seen, at 

best, as an empirical engagement function that provides an acceptable global fit with no 

determination of the correct boundaries [44]. A generalized experiential equation outlined by 

Weibull was adjusted to the process of delivery [45]. It is commonly used in controlled drug 

release studies [46,47]. The Weibull equation, applied to the release or dissolution of the drug 

from dosage procedures, indicates the cumulative fraction of drug release in the Mt / M∞ 

solution at time t, per 

𝑀𝑡

𝑀∞
= 1 − 𝑒

(𝑡−𝑇)𝑏

𝑎               (6) 

From this equation, the scaling factor, a, determines the time scale of the process. The 

parameter T means the delay time (latency phase) until the start of the release process, and in 

certain instances, it would be zero. The parameter of form b defines the curve as exponential. 

Korsmeyer and Peppas [48] and Ritger and Peppas [49,50] designed a simple, semi-

empirical method that exponentially relates the release of the drug to time t. These works 

presented their equation analyzing the drug release in a polymer matrix with behavior 

according to Fick’s law (Fickian behavior) and with a deviation from said law (non-Fickian 

behavior). The equation that describes the model is the following: 
𝑀𝑡

𝑀∞
= k𝑡𝑛                  (7) 

where k is the constant proportional to the release rate that incorporates both structural and 

geometric features of the way the drug is administered, and n is the exponent of release, which 

indicates the release mechanism of the drug. 
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3. Results and Discussion 

3.1. X-ray diffraction and textural properties. 

To determine the structure of the host and the composite (LP-SBA-15 and LP-SBA-15 

/ KETO), X-ray diffraction analyses were performed (Figures 1 and 2). The low angle XRD 

pattern (Figure 1) for the host LP-SBA-15 displays a high reflection peak (1 0 0) and two minor 

peaks (second-and third-order peaks), corresponding to the diffraction planes (1 1 0) and (2 0 

0)). These peaks can be indexed with a hexagonal crystallographic structure of the P6mm group 

[51]. For the LP-SBA-15 / KETO composite, the diffraction pattern shows a small enlargement 

of the reflection peak, as well as a move toward a greater 2Ɵ. This performance can be ascribed 

to a slight alteration of the mesoporous channels due to integrating the drug within the host 

channels.  

 
Figure 1. X-ray diffraction pattern of LP-SBA-15 and LP-SBA-15 / KETO composite. 

 

The high-angle X-ray diffraction pattern allows for determining the drug within the LP-

SBA-15 mesoporous material. In Figure 2, we can see that the LP-SBA-15 host exhibits an 

amorphous behavior, while the pure drug has typical peaks because of the crystalline structure 

[52].  

 
Figure 2. X-ray diffraction pattern of LP-SBA-15 and LP-SBA-15 / KETO composite. 
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Alternatively, the LP-SBA-15 / KETO composite shows some typical KETO peaks, 

suggesting that the drug incorporated in the host stays in a crystalline state. The KETO 

embedded in the channels of the LP-SBA-15 is probably ordered differently or has a phase 

shift. 

Table 1. Textural Properties of the samples. 

Sample 
Area BET   

m2/g 

Vol. of mesopore 

VP (cm3 g−1) 

Pore diameter 

(nm) 

LP-SBA-15 436 1.1 12 

LP-SBA-15/KETO 250 0.8 7.5 

 

Table 1 summarizes the textural properties of the LP-SBA-15 host and the LP-SBA-15 

/ KETO composite, including surface area (BET), pore-volume, and pore diameter. While the 

composite area is significantly smaller than that of the host, it maintained its characteristic 

structure after loading the drug within the host, in agreement with the XRD studies. As can be 

seen, there is also a significant reduction in the pore diameter of the LP-SBA-15/KETO, which 

would indicate that we find the drug in the host's pores. There is a reduction of the surface area 

due to the blockage of the host’s channels with its consequent reduction of pores.  

 
Figure 3. TEM images of a) LP-SBA-15 and b) LP-SBA-15/KETO. 

Figure 3 shows the TEM images of both nanomaterials. The host shows an array of 

ordered mesoporous nanochannels with 11-12 nm diameter. Additionally, the sample with the 

adsorbed drug maintains the ordered mesostructure of the host, in agreement with the different 

analyses performed. 

3.2. FTIR studies.  

Figure 4 shows FTIR spectra for the pure drug KETO, the host LP-SBA-15, and the 

composite LP-SBA-15/KETO. The host presents characteristic bands of ordered silicate 

nanomaterial. A large proportion of silanol groups in the siliceous material LP-SBA-15 can be 

observed, giving rise to two hydroxyl stretch bands, broadband at 3458 cm -1 due to isolated 

terminal silanol groups (Si-OH) hydrogen-bonding silanol groups. It also presents a signal at 

969 cm-1, assigned to asymmetric stretching of Si-O bond neighboring surface silanol groups. 

https://doi.org/10.33263/BRIAC133.243
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For the host, the bands at around 1085 cm−1 (Si-O asymmetric stretching) and 800 cm−1 (Si-O 

symmetric stretching) are due to the intrinsic vibration of SiO4 tetrahedral [53]. For the pure 

drug, the band at 3357 cm-1 corresponds to N-H and O-H stretching vibrations. Two bands at 

3100 and 725 cm-1 suggest aromatic C–H stretching and aromatic C-H bending vibrations, 

respectively. The band at 1385 cm-1 can be assigned to an aliphatic C–H bending vibration; at 

1600 cm-1,  we observe a band representing a carboxylic acid C=O stretching vibration. 

Another two bands are present in the spectra; the band at 1566 cm-1 is ascribed to carbonyl 

C=O stretching vibration, and a band at 895 cm-1 shows the monosubstituted phenyl ring. In 

the region between 1454-1450 cm-1 C=C ring,  we can observe antisymmetric 

elongation [52,54]. The composited obtained LP-SBA-15/KETO presents characteristics of 

both drug bands and vibrations of the inorganic framework. This behavior shows that the drug 

was absorbed into the host channel and doesn’t affect the surface and the chemical structure or 

composition of KETO. 

 
Figure 4. FTIR of LP-SBA-15, KETO, and LP-SBA-15 / KETO. 

   

3.3. Ultraviolet-visible diffuse reflectance spectroscopy. 

Figure 5 shows the UV-Vis DRS spectrum of Ketorolac-Thrometamine included in LP-

SBA-15 nanochannels.  

 
Figure 5. The ultraviolet-visible diffuse reflectance spectrum of KETO/LP-SBA-15 and pure KETO. 
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The characteristic bands of KETO can be observed approximately at 240 and 315 nm 

[55]. The aluminosilicate does not adsorb at these wavenumbers. The band at 240 nm is 

associated with π- π∗ electronic transitions involved in the aromatic group of the drug [56]. 

This would indicate that KETO does not significantly change its structure when adsorbed on 

the host ’ ’channel’s surface (LP-SBA-15). 

3.4. Ketorolac- tromethamine adsorption and release studies. 

Mathematical modeling, otherwise called the law of power, has been widely employed 

to depict the administration of drugs from various controlled-release dosage forms of 

pharmaceuticals or administration [57-59]. The drug release mechanism from the LP-SBA-15 

matrix was assessed by fitting the data to the theoretical models described above. For this 

purpose, the least-squares and the Levenberg-Marquardt method were used to minimize the 

objective function. We show the results in Figure 6. 

Table 2 shows the fitting coefficients and the statistics values for each model for the 

Ritger-Peppas and Weibull models. We analyzed four statistics to select the best model, the 

coefficient of determination (R2), the adjusted R2, SEE (sum of squared errors), and S, the 

standard deviation of the distance between the data values and the fitted values. The two 

functions fit similarly, and it is difficult to select one, but according to the statistics presented, 

the best fit would be the Ritger-Peppas model by little. All statistics values indicate that the 

best model is the Ritger-Peppas model. And considering that our system release drug from the 

nanometric channels framework, where diffusion processes could be dominant, we select the 

Ritger-Peppas model where its equation would allow us to analyze the drug release from the 

nanoporous framework. Therefore, the other models (First-Order, Higuchi, and Schott) do not 

accurately describe the drug delivery data achieved in our study.  

 
Figure 6. Fitting of experimental data using the first-order mathematical models, Higuchi, Schott, Weibull, and 

Ritger-Peppas. 

Table 2. Coefficients of fit and statistics. 

Mathematical model Adjustment parameters R2 Radj
2 SEE S 

Weibull T= 0.00 

a=1.80 

b=0.19 

0.97 0.96 0.0062 0.019 

Ritger-Peppas k=0.43 

n=0.12 

0.98 0.98 0.0056 0.018 

R2 coefficient of determination, Radj
2 adjusted R2, SEE sum of squared errors, and S standard deviation of the 

distance between the data values and the fitted values 
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In Figure 7, we can see the release of Ketorolac-Tromethamine from the porous matrix 

of LP-SBA-15 over time in the two release media, presenting two controls, one of 

administration from tablets (Dolten) and the other of direct dissolution of the drug. According 

to Figure 7, a rapid release was observed initially, and then the medium continued to release 

more slowly. As the Weibull model is experiential, it is not based on kinetics. It has certain 

shortcomings and has undergone considerable critical examination. [43, 60-62], for example, 

there is no kinetic support and only defines, although not adequately described, the kinetic 

dissolution properties of the drug, and it is not a single factor associated and related to the 

inherent dissolution rate of the drug. In the Ritger-Peppas model,  when the exponent is equal 

to 0.5, it corresponds to the Higuchi equation. The release occurs through the Fick diffusion 

mechanism (Fickian diffusion), controlled diffusion, or Type I. Values above 0.5 are related to 

abnormal diffusion mechanisms (non-Fickian diffusion). In particular, when n = 1, we refer to 

zero-order kinetics, what Peppas calls a non-Fickian diffusion limit case, naming it “Type II” 

[50]. The values of n> 1 appear when the release time is high; it is an anomalous non-Fickian 

diffusion mechanism or “Supertype II”. Finally, the values of n <0.5 are assigned to the 

existence of pores in the polymer array and consequent diffusion through the array and the 

pores full of dissolution media [63,64]. This situation is called the mechanism of behavior 

below the Fickian. This mechanism could remain Fickian [65], so the model fits better with the 

experimental data. The result of n presented in Table 2 is <0.5 since it includes the drug in a 

series of mesoporous materials of the LP-SBA-15 matrix, showing that the release mechanism 

could deviate from the Fick trend [66].  

 
Figure 7. Release of Ketorolac contained in LP-SBA-15 with the adjustment of Ritger-Peppas and Weibull and 

controls. 

For the mesoporous material LP-SBA-15, n = 0.12 indicates transport trends that 

deviate from ’ ’Fick’s law, as previously suggested by Rokhade et al. [67]. The 0.5 deviations 

may be because the host is a porous matrix of nanometric channels, which causes a divergence 

of the laws of diffusion. Because of the porous structure of the LP-SBA-15, as proven by 

microscopic examinations, this assumption can be considered [68-70].  

The initial release is rapid and can be attributed to the reason that Ketorolac molecules 

are placed on the external surface of the silica or in the outlet of the mesopores. Nevertheless, 

a slower liberation of the bulkier remaining drug is observed after rapid initial release. The 

surface morphology and the LP-SBA-15 matrix allow a gradual release at high times. Surface 
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chemical groups (such as Si-OH groups) [71], surface-anchoring sites, and the position of the 

oxygenated units in the pore network of nanostructured silicates affect their adsorption 

performance if they are employed such as adsorbents in aqueous solutions. Note that the bonds 

formed across the drug molecules and material and by diffusion through the porosity of the 

host influenced the release rate. 

4. Conclusions 

This work shows a promising drug storage material for effective encapsulation and 

controlled release of KETO, achieving the required therapeutic efficacy. Studies show that 

KETO was adsorbed on the channel surface of LP-SBA-15 without affecting the structure or 

chemical composition of KETO. Controlled drug delivery systems can achieve precise delivery 

at the time and place of destination, keeping the concentration of the drug at points in the body 

within the optimal range and below the toxicity threshold. The study also demonstrates the 

storage capacity and release properties of LP-SBA-15 containing KETO. The models used to 

adjust the release mechanism of the Ketorolac from the LP-SBA-15 matrix are the first-order 

kinetic model, the Higuchi model, the Schott model, the Weibull model, and the Ritger and 

Peppas model being the last two ones that best adjust the experimental data. Many authors, 

among which we include ourselves, have studied the reduction of the fluctuations of the drug 

level in the blood, the reduction in the dose and frequency of administration, possible 

improvement in the selectivity of the pharmacological activity, and a prolonged therapeutic 

effect. However, among the biggest challenges is the loss of flexibility to adjust the dose, the 

risk of releasing a high dose of the drug immediately because of a system failure, and the risk 

of accumulation, items on which this work provides important advances. The release of KETO 

contained in LP-SBA-15 can significantly improve the controlled release of the drug and the 

analgesic and anti-inflammatory effects, positively influenced by the links formed between the 

host and drug molecules and by diffusion through the host porosity. 
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