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Abstract:

Objective: The objective of this research was to enhance the physical stability and the
dissolution rate of cefdinir, a BCS class IV drug, characterized by low and variable
bioavailability due to both its low solubility and low permeability.

Methods: Cefdinir was loaded into the mesoporous silica (SBA-15), by using the
solvent immersion method starting from different organic solvents. And then formula
(F3), which exhibited the highest loading percentage, was selected to study its drug
release in media with different pH (1.2, 4.5, and 6.8), and has been fully characterized
by using: Fourier Transform Infrared Spectroscopy (FT-IR) Spectroscopy, Differential
Scanning Calorimetry, Powder X-ray Diffraction, and has been subjected to
accelerated stability tests using different temperatures and relative humidity. Drug
release kinetics were studied by using the following models: Probit, Gompertz,
Weibull, and Logistic.

Results: The results showed a remarkable dissolution improvement of cefdinir from
the loaded silica in comparison to the crystalline drug at the different studied media.
Drug release behaviors were well simulated by the Weibull model for F3 in all studied
media and for pure Cefdinir in phosphate buffer only, and by the Gompertz function
for pure Cefdinir in HCI buffer and Acetate buffer. FTIR results showed hydrogen
bonds formed between the drug and silica, DSC and PXRD results revealed the
transformation of cefdinir into an amorphous form upon adsorption. Stability studies
under different conditions revealed the ability of mesoporous silica to maintain the
amorphous state of the drug, which has been formed upon adsorption, and to prevent
re-organization in the crystal nucleus of the drug molecules.

Conclusion: Thus, loading cefdinir onto mesoporous silica can be used as a
promising method to enhance drug dissolution, and maintain the physical stability of
its amorphous form.

© 2021 Al Nuss and El Zein et al.; Licensee SET Publisher.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction

in any medium, provided the work is properly cited.
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1. INTRODUCTION

The therapeutic effectiveness of many drugs is often
impaired because of their poor bioavailability, mainly
due to limited solubility and/or permeability. Lots of
drug candidates fail to reach the market because of
their poor pharmacokinetics [1]. BCS classification
system classifies APls in four classes based on
solubility and permeability [2]. Among them, BCS Class
IV drugs suffer from inadequate solubility and
permeability, have very poor oral bioavailability, and
are inclined to exhibit very large inter-and intrasubject
variability [3].

Cefdinir is a third-generation oral cephalosporin
antibiotic [4]. It belongs to BCS class IV, with low
solubility resulting in low bioavailability of about 21% for
capsules and 25% for suspension [5]. Its solubility is
highly dependent on the pH of the media [6, 7].
Therefore, a strategy to enhance solubility/dissolution
and ultimately the oral bioavailability of cefdinir would
be important to improve the therapeutic effect in the
body after oral administration.

Several approaches have been investigated to improve
the dissolution rate and bioavailability of Cefdinir,
including nanosuspensions [8, 9], amorphization [10],
cyclodextrin complexation [7, 11], self-emulsification
[12], and solid dispersions (SDs) [13-171].

Among many approaches to improve the dissolution
rate of poorly soluble drugs, the use of inorganic-
organic hybrid materials has been recognized as one of
the most promising systems [18]. This approach has
received increased acceptance and awareness
concerning its potential use as dissolution enhancers in
pharmaceutical formulations by using Mesoporous
Silica Materials (MSMs) for the encapsulation of APlIs.
This type of material possesses a range of controllable
properties that can be utilized for the benefit of
preserving the loaded drug in its amorphous form
within the porous structure, consequently leading to
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enhanced dissolution behavior. The course of action
further results in the protection of the drug molecules
from oxidation, hydrolysis, and other degradation
processes by restriction of access from the surrounding
environment of APIs [19]. MSMs may act as delivery
carriers providing a controlled/targeted delivery of
drugs and/or to improve their long-term stability and
storage by protecting them from unfriendly
environments [20]. MSMs are ideal candidates as drug
carriers, as silica is a "generally regarded as safe”
(GRAS) material, is biodegradable, and can be readily
surface-modified to optimize drug loading and
subsequent release in the human body. The major
advantage of mesoporous silica as drug delivery
systems (DDSs) for poorly water-soluble drugs lies in
their pore size, pore morphology, and versatility in
alteration of the surface groups, which can result in
optimized interactions between a drug candidate and
MSM carrier by modifying the pore surfaces [19].
According to the method of synthesis and its
characteristics, MSN can be synthesized in a variety of
forms. MCM-41, developed by Mobil Crystalline
Materials or Mobil Composition of Matter, is one of the
most widely designed MSNs, with a hexagonal layout
and a pore width between 2.5 and 6 nm. Other MSNs
from the MCM category are MCM-48 and MCM-50,
with cubic and lamellar arrangements, respectively.
Subsequently, the Santa Barbara amorphous type
materials, including SBA-11 (cubic), SBA-12 (3D
hexagonal), SBA-15 (hexagonal), and SBA-16 (cubic-
cage structures), which have larger pores and thicker
silica walls, have been synthesized by the University of
California, Santa Barbara [21]. The mesoporous MCM-
41 silicate was used as a drug carrier for many drugs,
and was evaluated as a matrix for improving the
dissolution rate of many APIs like Furosemide [20]. But,
notwithstanding the positive results in these terms,
Furosemide loading was too low for acceptable

industrial application. The possible reason may be
ascribed to the small diameter of MCM-41 pores if
compared to drug molecule size.

Figure 1: a) the chemical structure of cefdinir, b) the porous structure of SBA-15 and the silanol groups present on the surface.
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In this research, SBA-15 (Figure 1b) has been selected
as a carrier for Cefdinir. This type of silica is
characterized by larger pores than MCM-41, a high
surface constituted by hexagonally ordered tuneable
uniform mesopores (4—14 nm) [22], and thick silica
pore walls (3—-6 nm) responsible for high hydrothermal
stability [23]. Also, SBA-15 has a higher hydrophilic
character than MCM-41 due to the higher amount of
silanol groups that can interact with many compounds
forming hydrogen bonds [24]. For this reason, SBA-15
can adsorb drug molecules by forming weak
interactions which can be easily broken in biological
fluids allowing a rapid drug release [25].

This work aimed to include Cefdinir into SBA-15 pores
to realize a delivery system capable to improve drug
dissolution rate and enhancing its physical stability.

2. MATERIALS AND METHODS

2.1. Materials

Cefdinir was obtained from (Lupin Co.Ltd., India). SBA-
15 was obtained from (Jiangsu XFNANO Materials
Tech Co., Ltd., China). All other used reagents and
solvents were of analytical grade and were used as
received.

2.2. Instrumentation

. Magnetic stirrer (MSH300) from (BOECO,
Germany).

. UV-VIS Spectrophotometer (T80) from (PG,
United Kingdom).

. Infrared spectrophotometer (FTIR) (Vector 22)

from (Bruker, Germany).

. Differential Scanning calorimetry (DSC 131) from
(Setaram, France).

. Powder X-ray diffraction device (PXRD) from
(Bruker D8, West Germany).

. Oven (Binder GmbH, Germany).

i Dissolution apparatus from

(Pharmatest, Germany).

(PTDT7)

. Hermle Z 200 A Centrifuge, Germany

. Scanning electron microscopy (SEM, VEGA I
LSH, TESCAN, Czech Republic).
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2.3. Solubility Study

Solubility measurements were performed in ftriplicate
using the shake flask method [26]. Excess cefdinir 100
mg was added to 10 mL of each solvent. The samples
were subjected to a constant shaking for 72 hours, then
centrifuged (5000 x g, 30 min, using Hermle Z 200 A
Centrifuge, Germany), filtered (0.22 micron), diluted,
and analyzed by UV-VIS spectrophotometer (PG
Instruments T80 UV/VIS spectrophotometer, United
Kingdom) at 287 nm [27, 28].

2.4. Loading Cefdinir into SBA-15
The solvent immersion method was used to load

Cefdinir onto the SBA-15. Table 1 shows the solvent
used in the loading process for each formula.

Table 1: The Solvent used in the Loading Process for
each Formula
Formulation Loading solvent
F1 Methanol
F2 Ethanol
F3 n- Hexane
F4 DMSO
F5 DCM

Firstly, solutions of cefdinir using different organic
solvents were prepared with a concentration depends
on drug solubility results in different solvents (2,1,30,
30, and100 mg/mL by using methanol, ethanol, n-
hexane, dichloromethane, and Dimethyl Sulfoxide
(DMSO), respectively. Then, SBA-15 particles (25 mg)
were added to 25 mL of cefdinir solution. The ratio
between the silica particles and the API solution was
kept constant at 1:1000 (w/v) to have an excess
amount of APl in during the loading process. The
sample was kept under stirring for 24 h at ambient
temperature (25°C). Subsequently, the sample was
centrifuged for 30 min at 8000 rpm to separate the
supernatant from the precipitated solid (Cefdinir/SBA-
15). Then, the materials were dried at room
temperature for 72 h. Then, the solids were heated at
60°C using an oven (Binder GmbH, Germany) until a
constant weight was reached [29].

2.5. Drug Loading Study

The loading of cefdinir into SBA-15 was determined by
a UV spectrophotometer. Initially, an amount of each
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Figure 2: A schematic diagram of the drug loading process
through balanced adsorption of the solution.

formulation equivalent to 10 mg drug was dissolved in
10 ml of a phosphate buffer with a pH value 6.8, then
the samples were kept suspended in the buffer under
stirring for an hour, then the solution was diluted
appropriately using the same buffer and evaluated by
using PG instruments T80 UV/VIS spectrophotometer
at Anax 287 nm. The loading percentage was calculated
according to Equation (1) [30].

weight of loaded drug <100

9% Loading =
0 8 = veight of SBA-15

(1)

2.6. Characterization of Cefdinir-Loaded SBA-15

2.6.1. Scanning Electron Microscope (SEM)

The morphology and particle size of pure cefdinir, SBA-
15, and Cefdinir-loaded silica was observed through
scanning electron microscopy (SEM, VEGA Il LSH,
TESCAN, Czech Republic). Prior to SEM imaging,
samples were coated with gold by a sputter coater.
Approximately 1 mg of each sample was placed onto a
double-sided adhesive strip on a sample holder.

2.6.2. Fourier Transform Infrared Spectroscopy
(FTIR)

Fourier transform-infrared (FTIR) spectra of samples
were recorded using a Bruker Vector 22
spectrophotometer. Samples were compressed into
KBr disks in a hydraulic press to prepare sample-KBr-
blends. KBr pellets were characterized from 400 to
4000 cm™ and with a resolution of 2 cm™ [28].

2.6.3. Differential Scanning Calorimetry (DSC)

The thermal properties of samples were characterized
by DSC instrument DSC 131 (SETARAM, France).
Each sample was accurately weighed (equivalently to 5
mg) into an aluminum pan and heated in the range of
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(30 - 300)°C, at a scanning rate of (10)°C/min under
nitrogen airflow of (50) mL/min [28].

2.6.4. Powder X-Ray Diffraction

Powder X-ray diffraction patterns of cefdinir, and the
selected formula (F3), which has been selected
because it showed the highest drug loading
percentage, were obtained using Bruker's D8 Advance
diffractometer (Karlsruhe, West Germany). Powder X-
ray diffraction (PXRD) patterns were recorded using
Germanium monochromatic and Cu radiation with a
nitrogen filter at a voltage of (50) KeV and a current of
(30) mA. The samples were analyzed over the 20
range of (3 - 60)° [28].

2.7. Drug Release Studies

Dissolution studies were carried out using the USP
paddle method at (371 0.2)°C in a Pharma test PT-DT7
dissolution tester (Germany) at 50 rpm with 900 mL of
HCI buffer (pH 1.2), acetate buffer (pH 4.5) and
phosphate buffer (pH 6.8) fluids as dissolution media
[31]. The selected formula F3 (equivalent to 300 mg of
cefdinir) and pure drug were dispersed in the
dissolution media, and at predefined intervals, 5-ml
samples were withdrawn at (2, 5, 10, 15, 20, 30, 45,
and 60) minutes, filtered through 0.45 um syringe filter,
and assayed via UV-VIS spectrophotometer (T80 PG,
United Kingdom) for released drug at Ay (280, 286,
and 287 nm) for HCI buffer pH=1.2, acetate buffer
pH=4.5, and phosphate buffer pH=6.8, respectively. An
equivalent amount of release medium was
supplemented to keep the volume constant. Each
experiment was repeated six times at least.

2.8. Statistical Analysis of the Drug Release Profile

All the results were expressed as mean values *
standard  deviation. The difference  between
percentages (fractions) of released cefdinir at each
time interval from the pure drug and F3 were
statistically evaluated by using a two-tailed Student’s t-
test. All data analysis was performed using the
Microsoft Excel 2019 software. A confidence limit of
p<0.05 was fixed for the interpretation of the results.

2.9. Mathematical Modeling of Release Kinetics:

Cefdinir and Cefdinir-loaded carrier (F3) release
kinetics were analyzed by employing the Probit model
[32, 33] (Eq.2), the Gompertz model [34] (Eq. 3), the
Weibull function [35] (Eqg. 4), and the logistic function
[36] (Eq. 5).
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where F is the fraction (%) of drug released in time t
and Fx is the maximum fraction of the drug released
at infinite time. a is the scale parameter in each model
and is related to the time scale of the process.
Whereas B is the acceleration or shape parameter
associated with the dissolution rate per unit of time. In
Eq. (2),® is the standard normal distribution of
dissolution profile.

In Equations (3-5), the kinetic parameters were
obtained after linearization while the parameters in Eq.
(1) were adjusted minimizing the sum of squared errors
between the experimental and drug released fractions
calculated from the cumulative distribution function.
Additionally, the accuracy of the obtained parameters
was validated employing the DDSolver software [37].

The determination coefficient (r2) and Akaike
Information Criteria (AIC) were used in this study to
evaluate the goodness of the release models employed
to describe the dissolution profiles [38]. The AIC is
defined by equation (6):

AIC= nIn(WSSR) + 2p (6)
where n is the number of dissolution measurements, p
is the number of parameters that were adjusted in each
model, WSSR is the weighted sum of square residues.
When comparing mathematical models, a smaller AIC
value leads to a better fit.

2.10. Stability Studies

The samples of the selected formula (F3) were stored
at different conditions of temperature and relative
humidity for the study of the physical stability of the
amorphous state of loaded Cefdinir: 25°C/ RH 0%,
40°C/ RH 0% and 40°C/ RH 75%. The samples were
first characterized by using PXRD as prepared (t= 0),
and then some samples were placed in a desiccator
with phosphorous pentoxide as a desiccant to produce
0% relative humidity, and then the desiccator was
placed in an oven at two different temperatures 25°,
and 40°C [39]. The other samples were placed in a
desiccator with a saturated salt solution of sodium
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chloride (NaCl) producing a relative humidity
atmosphere of 75% RH, and then the desiccator was
placed in an oven at 40°C [20]. The samples were
protected from light. The storage period was 6 months,
at predetermined intervals (1 week, 2 weeks, 1 month,
2 months, 3 months, and 6 months), samples were
characterized again to evaluate if drug crystal growth
occurred during storage time.

3. RESULTS AND DISCUSSION

3.1. Solubility Results

Initially, Cefdinir solubility in several organic solvents
was studied to select the best solvent for the drug, but
it was noticed through the results shown in Table 2 that
cefdinir solubility was poor in most of the solvents. As
the table shows, cefdinir is slightly soluble in ethanol
and methanol, and these results are in agreement with
previous studies [40], while cefdinir is soluble in both n-
hexane, dimethylformamide, and dichloromethane. and
freely soluble in dimethyl sulfoxide (DMSO).

Table 2: Solubility Results of Cefdinir in the Different
used Organic Solvents

Solvent Solubility (mg/mL)
Methanol 2.076 £ 0.229
Ethanol 1.116 £ 0.342
n-Hexane 45.665 + 0.003
DMSO 390.297 + 0.576
DMF 35.352+ 0.008
DCM 55.783 + 0.294

This poor solubility of cefdinir in most organic solvents
can be attributed to its hydrophobic properties and low
wettability [40].

A key question from the formulation process point of
view is solvent selection. Specifically, it is important to
know whether a “good” solvent (i.e. solvent in which the
API solubility is high and therefore a high concentration
can be used during loading) is automatically also a
good loading medium. In previously published works
where the solvent immersion method was used for drug
loading, generally, very high concentrations of well
soluble APIs were used [41-43]. Such high
concentrations are often not reachable with poorly
soluble APIs such as those considered in the present
work.
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3.2. Drug Loading Results

The concentrations of the loading solutions for each
solvent were chosen based on the solubility values, so
as to be as high as possible but without risking
precipitation of the API. The rationale behind trying to
use as high concentrations as possible in each solvent
is that the loading method is based on adsorption
equilibrium between the solution and the silica
particles. Irrespective of the type of the adsorption
isotherm (Langmuir, Freundlich, etc.), the equilibrium
amount adsorbed is expected to be an increasing
function of concentration [29].

Figure 3 shows the results of loading cefdinir using
different solvents. Although DMSO is the best solvent
for cefdinir, the loading percentage obtained with it was
very low 0.23%, this can be attributed to the high
polarity of this solvent, and therefore its molecules will
compete with drug molecules for bonding with silica
particles [44]. Whereas, methanol and ethanol
performance was also poor. Indeed, the poor
performance of ethanol in loading drugs has been
noted in previous work [45]. This is because methanol
and ethanol are polar solvents with high solubility
parameters of 12.92 and 7.24, respectively [46], Figure
1a shows cefdinir structure which contains an amine
group and a carboxyl group that is capable of forming
bonds. Therefore, cefdinir will bond with ethanol and
methanol with hydrogen bonds, and thus the drug will
diffuse more quickly in these solvents and collect in
nanocrystals inside silica particles [46]. While the best
performance was obtained using n-hexane 37%,
followed by dichloromethane 21%, because they are
non-polar solvents and therefore will not compete with
drug molecules for bonding with silica molecules [46].

Thus, it can be said that a good solvent for a particular
drug means that the interaction between the solvent
molecule and the drug molecule is strongly preferred
[47], and thus will compete with the adsorption of the
drug on the silica surface. Similarly, although wetting
the surface of the silica by the solvent is necessary for
adsorption, the very strong interaction between the
solvent and silica will also compete with the adsorption
of the active substance. The high loading ratio obtained
with n-hexane can be explained as the less polar
solvent and therefore will not compete with highly
hydrophobic materials such as cefdinir for adsorbing it
on the silica surface, which led to a significant increase
in the loading ratio [48].

3.3. Scanning Electron Microscope (SEM)

SEM was used to compare the morphology and particle
size of pure cefdinir, SBA-15, and cefdinir-loaded SBA-
15. SEM micrographs of pure cefdinir, SBA-15, and
drug-loaded SBA-15 are shown in (Figure 4). Pure drug
consisted of an acicular shaped particle with a mean
particle size (1.224 + 0.619) ym. SBA-15 (Figure 4b)
consisted of arrangements of rod-shaped particles
attached with a uniform grain size of approximately 1
um, resembling the structure of a rope. Whereas,
Figure 4c shows drug-loaded SBA-15, as the figure
shows that the original morphology of cefdinir
disappeared which may indicate that cefdinir was
completely loaded into silica.

3.4. Fourier Transform

(FTIR)

Infrared Spectroscopy

Figure 5 shows the FTIR spectra of the pure drug,
SBA-15, and the prepared formula that gave the
highest loading percentage (F3).

30
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10

Drug loading percentage (%)

DCM

Ethanol Methanol Hexane

Solvent

Figure 3: Results of loading cefdinir using different solvents.
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Figure 4: SEM results for: a) pure cefdinir X 10,000, b) SBA-15X 1000, ¢) SBA-15 loaded with cefdinir X 1000.

The FTIR spectrum of cefdinir (5a) is characterized by
the main absorption values at 3300 cm™ OH stretching
of the carboxyl group, 2978 cm” cyclic CH stretch,
2898 cm™ CH stretching, 1781 cm™ (CO), 1763 cm’
(CO of B-lactam), 1710 and 1735cm™ carbonyl! stretch
peaks of carboxylate function, 1667 cm” (CC alkene),
1610 cm™ (aromatic CC), 1544 cm™ NH curvature,
1428 cm™ stretch of the CN, 1352 cm™ for NH, and 625
cm™ for CS [7].

The FTIR spectrum of SBA-15 (Figure 5b) shows a
vibrational band at 3744 cm’ (which is attributed to
isolated peripheral silanol groups) and a very wide
band between 3200 and 3600 cm'that is attributed to
hydrogen-bonded silanol groups [25]. While the
spectrum of the selected formula shows several
changes which are: (1) decrease in the intensity of the
vibration beam at 3744 cm™; (2) A large absorption
band between 2900 and 3600 cm™ is due to the
formation of hydrogen bonds between the drug
molecule and the silanol groups, (3) the absence of an
absorption band at 1352 cm™ that belongs to the NH,
of the drug. These results could indicate the formation
of hydrogen bonds between the cefdinir and the
terminal silanol groups [25].

79

180 i SRl j\\‘ )\\ (\ N/“VMA\/LM\A M
. 160 | JU W
i’ 140 |~ “\,\k /,//Qg%'h\/‘\\ /
Vé N A\ N
é 100 ;\/\\'\f_/jﬁ/ o /VVV\\/ \V/\R /f\{/\f\
. L
80 \ | \J
|
60

4000 3500 3000 2500 2000 1500

Wavenumber (cm-1)

Figure 5: FTIR results for: a) pure cefdinir, b) SBA-15, c)
SBA-15 loaded with cefdinir.
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3.5. Differential Scanning Calorimetry (DSC)

Figure 6a shows the thermogram of pure cefdinir,
where two peaks are observed: the first is a small
endothermic peak at 64.5° C indicates the glass
transition temperature of the drug [49], and the other is
a sharp endothermic peak at 229.52° C that represents
the drug's degradation upon melting [50]. These results
were in good agreement with the reported DSC
thermogram of cefdinir anhydrous [50].
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Figure 6: DSC thermograms for: a) cefdinir, b) SBA-15, c) drug loaded silica.

Figure 6b shows the thermogram of SBA-15 which
shows the presence of a broad endothermic peak at
62.5° C that can be attributed to the gradual release of
water from the sample because silica has hygroscopic
properties [51]. Whereas, the thermogram of the
selected formulation (F3) shows the absence of the
melting peak of cefdinir, which may indicate the
transformation of the drug to the amorphous form upon
adsorption on the outer surface of mesoporous silica
[51].

3.6. Drug Release Studies

The dissolution studies for pure cefdinir and the
selected formulation (F3) were performed in HCI buffer
(pH 1.2), acetate buffer (pH 4.5), and phosphate buffer
(pH 6.8) fluids. As shown in Figure 7, Cefdinir (pure
drug) and F3 showed relatively higher dissolution at pH
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6.8 (Figure 7¢) compared to pH 1.2 and pH 4.5 (Figure
7a, 7b), due to the poor solubility of cefdinir at low pH.
And, this can be explained by the fact that Cefdinir
contains three ionizable groups: the COOH carboxyl
group of the cepheme moiety pKa = 1.9, the NH, group
of the aminothiazole moiety pKa = 3.3, and the N-OH
group of the oxime moiety pKa = 9.9. Thus, according
to the Henderson-Hasselbach equation, the carboxyl
group will almost completely ionize above pH 4.5,
which explains the higher dissolution of the drug in the
phosphate buffer compared to the rest of the media
[62].

Initially in hydrochloric acid buffer, it was observed that
about 65% of cefdinir was released from F3 within 5
minutes compared to 40% in the case of the crystalline
drug, and the release from F3 reached 99% after 20
minutes, while the release of the pure drug was only
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Figure 7: Cefdinir release profiles in A) hydrochloric acid buffer, B) acetate buffer, C) phosphate buffer.

72% at the end of the test (that is, after 60 minutes),
and there was a statistically significant difference at all
studied time points at the level of significance (P<0.05).

The enhancement of drug dissolution observed for the
inclusion product SBA-15-Cefdinir could be explained
through four different steps [53]: (i) the imbibition of
release medium into the system driven by osmotic
pressure arising from concentration gradients; (ii) drug
dissolution; (iii) drug diffusion through the continuous
matrices due to concentration gradients; (iv) drug
diffusional and convective transport within the release
medium. It can be hypothesized that the main
mechanism governing Cefdinir release from SBA-15
loaded product was the rapid matrix imbibition that
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promoted faster drug dissolution in comparison to pure
drug. In this way, after contacting Gl fluids, a drug
supersaturated solution is produced [54] improving
drug diffusion in the dissolution medium.

Moreover, the high concentration of drug obtained after
few minutes is attributable both to the rapid matrix
imbibition and to a consequent immediate formation of
bindings among water molecules and matrix silanols.
The ability of the matrix to create a supersaturation
condition is an interesting property influencing drug
absorption since, according to Fick diffusion law, high
differences of drug concentration between the apical
and basolateral sides of gastric mucosa enhance drug
diffusion across it [25].
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Table 3: Cefdinir, Cefdinir'SBA-15 (F3) Kinetics Parameters According to Probit, Gompertz, Weibull and Logistic

Models
Model Statistics HCI buffer Acetate buffer Phosphate buffer
Cefdinir F3 Cefdinir F3 Cefdinir F3
Probit a -2.483 -0.438 -1.082 -0.279 -0.567 -0.269
B 0.203 1.303 0.497 1.090 1.335 1.736
r 0.994 0.930 0.991 0.896 0.974 0.987
AlC 16.428 45.957 14.685 43.898 36.365 28.938
Gompertz a 5.913 1.232 2792 1.047 1.411 1.143
B 0.101 1.459 0.470 1.187 1.462 2.539
r 0.998 0.920 0.994 0.899 0.969 0.980
AlC 14.418 46.949 14.238 44.959 37.75 32.695
Weibull a 7.062 2.230 1.937 1.860 2.556 1.684
B 0.258 0.598 0.337 0.509 0.624 0.667
r 0.996 0.942 0.993 0.920 0.982 0.991
AlC 17.281 44.302 15.651 43.140 33.442 26.645
Logistic a -4.236 -0.726 -2.133 -0.484 -0.934 -0.521
B 0.558 1.993 0.843 1.644 2.059 2973
r 0.996 0.927 0.994 0.906 0.973 0.990
AlC 14.481 46.276 15.041 44.45 36.667 27.089

3.7. Mathematical Modeling of Release Kinetics

The cefdinir release curves from the pure drug and the
optimal formula (F3) were evaluated by fitting the
experimental data with the Probit, Gompertz, Weibull,
and Logistic models. The parameters of each of the
kinetics equations, determination coefficient (r2), and
(AIC) are listed in the Table 3 and the results are
represented in Figure 7. These values were used to
evaluate the goodness of the release models.

Based on the (r’) and (AIC), it is noted that the
Gompertz model is the best function for describing drug
release kinetics from pure cefdinir, while the Weibull
model is more suitable for the F3 formula in
hydrochloric buffer pH 1.2. Similar results were also
observed in acetate buffer, the Gompertz model was
the most suitable for describing drug release kinetics
from the pure drug, while the Weibull model was the
most suitable for describing the release kinetics from
formula F3. While in phosphate buffer, different results
were observed, i.e. drug release from cefdinir and the
F3 formula was more suitable for the Weibull model.

This can be explained by the fact that the Gompertz
model is more useful for comparing the release profiles
of drugs having an intermediate release rate as
Cefdinir at pH less than 4.5. This model has a sharp
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increment in the beginning and converges slowly to the
asymptotic maximal dissolution [55]. On the other
hand, the Weibull model is more appropriate for
comparing the release profiles of drugs loaded into
carriers, which significantly increases the drug
dissolution rate. In addition, cefdinir has a higher
solubility at pH higher than 4.5 [52]. Figure 7 shows the
models that gave the best representation of drug
release kinetics in the studied media, to prove the
quality and suitability of these parameters.

3.8. Powder X-Ray Diffraction

The PXRD pattern of pure cefdinir (Figure 8) showed
characteristic peaks at 5.85°, 11.7°, 16.1°, 21.15°,
22.25°, 24.4°, 26.2°, and 28.8° of 20 [7]. This figure
also shows the PXRD of the optimal formula (F3)
immediately after preparation, where it was noted that
all the characteristic peaks of the drug were absent,
which may indicate the drug's transformation to the
amorphous form upon adsorption on the silica [20].

3.8. Stability Study

Figure 8 shows PXRD of the prepared formulation F3
at the studied time intervals of stability tests using
different conditions of temperature and relative
humidity, as follows: Figure 8a Temperature 25 ° C /



Journal of Pharmacy and Nutrition Sciences, 2021, Volume 11

F3,
F3,
F3,
F3,
F3,

F3;
F3,

2 mo'nthsr il

1 month -~

Heat flow (a.)

A)

2 weeks T —
Aweek o —
Tim: W

Cefdml

6 moM

3m0!2_s<7,4—""'“”“' ——

Diffraction angle 2 theta

(B)

40 50 80

F3, 6 months " e
2000 e
F3, 3 moths
F3, 2 mw
~ F3, 1_mont
g 1656 F3, 2 weeks
= F3, Tweek " ——
= F3, M
Cefdw.&,_‘;_ A
o
o 10 20 30
Diffraction angle 2 theta
©)
F3, 6 MOM
2000 e
F3, 3 months
F3, 2 months s
= F3, 1 month
g 1000 F3. 2 weeks .~ T —————— e
2 "% | Fa. 1 week o ——
£ L B (O I e O
Cefd’ig_i:___.)\-—-’*-m T P
[e]
T T

T
10 20

T
30 40 50 60

Diffraction angle (2 theta)

Figure 8: Powder X-ray diffraction plots of cefdinir and F3 formula over the stability test period at: (A) 25°C/0% RH, (B)

40°C/0% RH, and (C) 40°C/RH 75% relative humidity.

0% relative humidity, Figure 8b has a temperature of
40°C/0% relative humidity, and Figure 8c¢c has a
temperature of 40°C/75% relative humidity. During the
period of stability studies under different conditions, no
evidence of drug crystals was detected as shown in the
PXRD charts (Figure 8). This stability can be attributed
to the retention of cefdinir within the pores of the silica
[56], in addition to the hydrogen bonds formed between
the drug and the silanol groups of silica which were
detected by FTIR results, these bonds would impede
the movement of drug molecules and prevents
rearrangement and thus will preserve the amorphous
form of the drug [56-58]. These results are in
agreement with the results of previous studies
conducted on several drugs, such as the study on
forsemide, which was loaded on SBA-15, and this
study showed that furosemide remained in its
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amorphous form throughout the stability test period
[25].

4. CONCLUSION

In this paper, cefdinir, an antibiotic that belongs to BSC
class IV, was loaded onto mesoporous silica (SBA-15)
in an attempt to overcome the problem of its poor
bioavailability and to enhance the physical stability.
Different organic solvents were used to complete the
loading process, and these solvents varied in
performance, the best of which was n-hexane, which is
a nonpolar solvent and therefore will not compete with
drug molecules on adsorption on silica particles. The
optimal formula (F3) showed a significant improvement
in the dissolution of the drug in the studied media, and
succeeded in maintaining the adsorbed cefdinir in its
amorphous form when subjected to accelerated
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stability studies using different conditions of
temperature and relative humidity. FTIR results
revealed a hydrogen bond that formed between the
drug and silanol groups of SBA-15. Whereas, DSC and
PXRD results showed that cefdinir has been
transformed to an amorphous form, and remained
amorphous in the optimized formula (F3). Thus, drug
adsorption onto mesoporous silica constitutes a
promising method in improving the solubility of poorly
water-soluble drugs and increasing their physical
stability, as is the case for cefdinir.
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