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Abstract

Cefuroxime Axetil (CA) a widely used cephalosporin antibiotic displays low
aqueous solubility and high membrane penetrability. This results in its solu-
bility driven variable and/or low oral bioavailability and therapeutic efficacy
as a major drawback. Thus, most of the goal of our study was to increase the
solubility as well as dissolution rate of CA using the simple and cost-effective
solid dispersion (SD) method. At first, the SD formulations of CA were pre-
pared at various weight ratios of Carplex-67 and PEG-4000 by solvent evapo-
ration technique. These new formulations were then subjected to an in-vitro
drug release performance study and tested for physicochemical characteriza-
tion to distinguish the thermal behavior, crystallinity, interactions phenome-
na, and surface morphology. Among the formulated Cefuroxime Axetil Solid
Dispersion (CSD), CSD-8 which contained CA, Carplex-67, and PEG-4000 at
the weight ratio 1:3:2, respectively showed the most significant (p < 0.001)
drug release that was about 2.11 times higher, although all CSD was better
than pure CA. The physicochemical studies revealed that no unusual interac-
tions were found in the CSD formulations and the increased dissolution re-
sulted from the amorphous conversion of CA and better wettability upon
CSD formulation. Finally, the optimized formulation (CSD-8) was compared
with the marketed preparation in terms of in-vitro dissolution in water, Gas-
tric Simulated Fluid (GSF), and Intestinal Simulated Fluid (ISF). This study
also showed a significant (p < 0.001) increase in drug release compared to the
marketed product. Therefore, it is supposed to be a promising alternative to
conventional antimicrobial therapy.
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1. Introduction

Cefuroxime Axetil (CA) is the first commercially available cephalosporin antibi-
otic derived from cephalosporin’s 7-cephalosporanic acid nucleus, which is an
acetoxyethyl ester prodrug of Cefuroxime that is active against both gram-positive
and gram-negative bacteria [1]. The chemical name of CA is 1-acetoxyethyl (6R,
7R)-3-(carbamoyloxymethyl)-7-[[(2E)-2-(furan-2-yl)-2-methoxyiminoacetyl]ami
-no]-8-oxo-5-thia-1-azabicyclo [4.2.0] oct-2-ene-2 carboxylate [2]. It is widely
used to treat gonorrhea, acute bacterial otitis, pharyngitis, tonsillitis, acute max-
illary sinusitis, meningitis, ear infections, bone, and joint infections, and mild to
moderate respiratory tract infections. The treatment of individuals with genitou-
rinary, skin, and soft tissue infections, as well as erythema migraines linked to an
early stage of Lyme disease, is also successful with CA. Additionally, it is less
dangerous than penicillin and other cephalosporin antibiotics because it does
not increase allergic reactions [3]. After oral administration, the prodrug CA is
promptly hydrolysed by esterase in the intestinal mucosa to produce active Ce-
furoxime. Because of its limited water solubility (as it is a BCS class II drug), it
shows dissolving difficulties in the stomach and intestinal fluids, resulting in li-
mited dissolution, hence poor bioavailability. As a result, physical modification
is required to increase CA’s water solubility to maximize its therapeutic effects
[4]. Particle size reduction by micronization and nano-suspension; crystal habit
modification, e.g., polymorphs; pseudopolymorph; nanocrystal; amorphous
form; complexation or solubilization using cyclodextrin and surfactants, as well
as drug dispersion in carriers like eutectic mixtures; solid dispersion and solid
solutions are all common physical phenomena for increasing solubility [5]. In
this case, solid dispersion technology is being utilized to improve the solubility
of poorly water-soluble pharmaceuticals [6]. Solid dispersions (SDs) are a form
of solid product that comprises at least two different components, usually a hy-
drophilic matrix and a hydrophobic medicament, and are originally developed
in the early 1990s. The drug can be molecularly distributed in both amorphous
(clusters) and crystalline particles, and the matrix can be crystalline or amorph-
ous [7]. Due to an increase in the number of FDA-approved medicines in recent
years, SDs are now widely recognized as a platform technology for the formula-
tion of poorly soluble medications [8]. The drug release profile in SDs can be
improved by manipulating the carrier and SDs particle properties [9]. By mod-
ifying particle size distribution and enhancing wettability, porosity, and poly-
morphism change, SDs also improve medication bioavailability [10]. This ap-

proach has also proven to be effective in the development of formulations with a
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high loading capacity for medicines with a tendency to recrystallize [8]. For the
preparation of SDs, many procedures have been documented, including fusion,
solvent evaporation, solvent wetting, spray drying, and hot-melt extrusion [11]
[12]. Because of its simplicity, the solvent evaporation method is the most con-
venient for making SDs. To get the expected SDs, this procedure involves dis-
solving the medication and carrier in a suitable solvent, then evaporating the
solvent [10]. A number of hydrophilic carriers have been used to increase the
dissolving properties and bioavailability of medicines that are poorly wa-
ter-soluble [13] [14]. The main aspiration of this study was to improve the solu-
bility and rate of dissolution of CA by using Carplex-67 and PEG 4000 as carri-
ers. No prior evidence of employing such carriers with CA was found. Cefurox-
ime Axetil: Carplex-67: PEG-4000 formulations produced by the solvent evapo-
ration method enhance medication dissolving rates from solid dispersions as

compared to the pure drug.

2. Materials and Methods
2.1. Materials

Square Pharmaceuticals Ltd., Pabna, Bangladesh, delivered CA (Atom pharma,
Gujarat, India) as a gracious gift. Silica (Carplex 67) and Polyethylene glycol
(PEG-4000) were purchased from Evonik Pvt. Ltd. (Hanua, Germany) and Qua-
likems Fine Chem Pvt. Ltd. (India) respectively. Cefuroxime Axetil 500 mg tab-
lets were procured from Rajshahi City from four separate pharmacies. The re-
mainder of the chemicals and solvents were of analytical grade.

2.2. Preparation of Solid Dispersions of CA

The solvent evaporation method was used to make solid dispersion formulations
of CA (CSDs) utilizing Carplex-67 and polyethylene glycol-4000 alone and in
combination. In a beaker, correctly weighed (100 mg) CA was dissolved in a
suitable amount of acetone before the individual dispersion carrier was added at
varying ratios (Table 1). The dispersion solution was then stirred continuously
at 250 rpm with a magnetic stirrer (Wisd, Korea) to allow sufficient drug loading
into carriers. To evaporate the solvent from the dispersion system, the tempera-
ture was kept at 50°C - 60°C. The magnetic stirrer was turned off when the sol-
vent evaporation was nearly complete, and the CSDs were obtained as a dried
powder at room temperature. All of the CSDs were stored in an airtight con-

tainer.

2.3. Determination of the Percentage of Yield

Using the following equation, the percentage of yield was estimated from the
weight of dried CSDs ( ; = Obtained weight) recovered from each batch and the
sum of the original dry weight of starting materials ( ¥ = Theoretical weight).

Yield(%):%xloo (1)

1
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Table 1. Drug-carrier ratio of the prepared solid dispersion.

Formulation Drug & Carrier Ratio
CSD-1 CA: Carplex-67 1:1
CSD-2 CA: Carplex-67 1:2
CSD-3 CA: Carplex-67 1:2.5
CSD-4 CA: Carplex-67 1:3
CSD-5 CA: Carplex-67 1:4
CSD-6 CA: Carplex-67: PEG-4000 1:3:0.5
CSD-7 CA: Carplex-67: PEG-4000 1:3:1
CSD-8 CA: Carplex-67: PEG-4000 1:3:2

2.4. Estimation of Encapsulation Efficiency

The improvised methodology described by Mouffok M et al [15] was used to
measure the encapsulation efficiency (EE) of CSDs. A total of 100 mg of CSDs
were precisely weighed and dissolved in 100 mL methanol. The solution was
forcefully agitated and filtered, with the filtrate being spectrophotometrically
(UVmini-1240, Shimadzu, Japan) evaluated for CA concentration at 281 nm.
Using the formula below, the amount of CA encapsulated in the CSDs was de-

termined to achieve the percent encapsulation efficiency:

Actual Drug Content

EE(%) = %100 (2)

Theoretical drug content
The above procedure was repeated in triplicate to obtain the encapsulation ef-

ficiency from the mean.

2.5. Dissolution Study

The in-vitro dissolution investigation was carried out utilizing a dissolution tes-
ter (Tianjin Guoming Medicinal Equipment Co., Ltd.) and de-mineralized (DM)
water as the dissolution medium for both pure CA and CSDs [16] [17]. In a
nutshell, a sample of CSDs containing 13.5 mg of CA was placed in Fisherbrand
dialysis tubing (Fisherbrand™ Regenerated Cellulose Dialysis Tubing, MW:
12,000 - 14,000; width: 45 mm; wall thickness: 20 um; dry cylinder diameter: 28.6
mm; volume/cm: 6.42) and immersed in 900 ml of dissolution medium enclosed
in a dissolution tube at 37.0°C £ 0.5°C and 100 + 2 rpm. Periodically, analyte
samples were taken and replaced with an equivalent volume of fresh dissolving
media. Using a calibration curve (Figure 1), the concentration of CA at each
point (5 pg/ml, 10 pg/ml, 20 pg/ml, 30 pg/ml, and 50 pg/ml) was determined by
measuring absorbance at 281 nm with a UV-spectrophotometer.

2.6. Solid-State Characterization of CSDs
2.6.1. Differential Scanning Calorimetry (DSC)

DSC (Seiko Instruments inc. Tokyo, Japan) was used to acquire thermo-grams

of CA, different additives, and CSDs. Each sample (10 mg) was placed in sealed

DOI: 10.4236/pp.2023.145012

159 Pharmacology & Pharmacy


https://doi.org/10.4236/pp.2023.145012

Mst. B. A. Bithy et al.

2.5
2
¥=0.0403x - 0.0291
15
g
b=
[o]
2
=
0.5
0
0 10 20 30 40 50

Concentration of Sclution (pg/ml})

Figure 1. Calibration curve of Cefuroxime Axetil.

standard aluminium pans and heated from 30°C - 300°C at a scanning rate of

10°C/min under nitrogen purge with an empty aluminium pan as a reference [18].

2.6.2. Powder X-Ray Diffractometer (PXRD)

The diffraction investigation was conducted using an X-ray diffractometer (Ri-
gaku Corporation Mini Flex II Tokyo, Japan). The CSDs and CA were subjected
to Cu-K radiation (30 kV and 50 mA) and scanned from 2 to 40, and 26 degrees

at a rate of 5 degrees per minute [18].

2.6.3. Fourier Transform Infrared Spectroscopy (FTIR)

IR spectra recorded using the diffuse reflection method using an FTIR spectro-
meter (Shimadzu Corporation IR Prestige-21, Techno Science dura SamplIR
Japan) were used to explore the nature of drug-carrier interactions in CSDs.
Grounding and thorough mixing with potassium bromide was used to prepare
the disks of samples. The resolution was 4.0 cm™ with a scanning range of 500 to
4000 cm™ [18].

2.6.4. Scanning Electron Microscopy (SEM)

After platinum metallization, the shape, surface, and cross-sectional morphology
of CA and CSDs were examined using a scanning electron microscope (Hitachi
High-tech Corporation TM3030, Japan). A 15 kV accelerating voltage was used
[18].

2.6.5. Comparing Drug Release from Developed CSD with Marketed
Products CAMPs (CA Marketed Products)

The marketed drugs were lightly triturated with a dried mortar and pestle,
placed into a dialysis bag, and dissolving studies were conducted independently
using DM (Demineralized) water, 0.1N HCI (GSF), and phosphate buffer pH 6.8
(ISF).

2.7. Statistical Analysis

The mean and standard error of the mean (SEM) were used to express the find-
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ings. Graph Pad Prism 8.0.1 (Graphpad Software, Boston, USA) was used to
examine differences across groups using an unpaired t-test. Statistical signific-

ance was defined as a value of p < 0.05.

3. Results
3.1. Percentage of Yield by CSDs

The percent yields derived from CSDs are shown in Table 2 and in Figure 2(a).
The percent yields were ranging from 86.35% w/w (CSD-1) to 92.98% w/w
(CSD-8). The highest yield obtained from CSD-8 indicated that the manufac-
turing technique adopted might be reliable and amendable to validation consis-
tency [19] [20].

3.2. Encapsulation Efficiency

One of the most crucial factors in the formulation of drug nanoparticles is en-
capsulation efficiency because it directly reflects the concentration of active sub-
stances (drugs, proteins, antimicrobial agents, etc.) [21] [22]. Table 2 and Figure
2(b) summarize the encapsulation efficiency of all CSDs. Among CSDs, CSD-8
containing Carplex-67 and PEG-4000 had a good encapsulation efficiency. This

could be owing to carriers’ high adsorption efficiency to the medication.

Table 2. Percentage of yields, and encapsulation efficiency of CSDs.

Formulations Yield (%) Encapsulation Efficiency (%)
CSD-1 86.35 £ 0.03 79.30 £ 0.96
CSD-2 87.16 £ 0.02 84.83 £ 0.93
CSD-3 88.63 £ 0.01 85.67 £ 0.73
CSD-4 90.70 £ 0.01 91.20 £ 0.44
CSD-5 87.52 £ 0.01 86.67 £ 0.88
CSD-6 89.11 + 0.04 90.00 £ 0.58
CSD-7 89.84 + 0.03 91.00 £ 1.53
CSD-8 92.98 £ 0.01 94.43 £ 0.57

Results are presented as mean + S.E.M.
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Figure 2. (a) Percentage of yields of CSDs. (b) Encapsulation efficiency of CSDs.
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3.3. Dissolution Study

The release pattern of CA from CSDs was demonstrated using a dissolution
study. To examine the drug release pattern, the formed CSDs were subjected to a
dissolving analysis, and the dissolution profiles were created alongside those of
pure CA. The best CSDs were identified based on the release pattern (in-vitro

dissolution).

3.3.1. Dissolution Profiles of CSDs Containing Carplex-67

Table 3 and Figure 3 show the dissolution profiles of various CSDs. At the ini-
tial sample point (0 minute), all CSD formulations were releasing more drugs
than pure CA and increased release by 1.04, 1.34, 1.15, 1.75, and 1.25 times more
than pure CA. Pure CA concentration was 1.37 g/ml after 1 hour, while CSD-1,
CSD-2, CSD-3, CSD-4, and CSD-5 concentrations were 1.43, 1.41, 1.64, 1.73,
and 1.42 g/ml, respectively. In addition, CSD-1, CSD-2, CSD-3, CSD-4, and
CSD-5 yielded peak concentrations of 9.94, 8.91, 9.34, 10.21, and 8.96 g/ml at

600 minutes, respectively.

Table 3. Dissolution profiles of CSDs containing carplex-67.

Time Concentration (ug/ml)
(min) CA CSD-1 CSD-2 CSD-3 CSD-4 CSD-5
0  0.25+0.01 0.26 + 0.01* 0.34 + 0.02** 0.28 + 0.017* 0.44 + 0.017** 0.30 % 0.02**
5 0.35+0.01 037+0.01 0.45+0.02 0.36+0.01 0.50+0.025 0.41 +0.02
30 0.92+0.02 0.94+0.01 0.97+0.01 097+0.017 1.06+0.017 0.98+0.01
90 1.95+0.01 1.98+0.01 221+0.05 197+0.01 2.59+0.017 2.220.06
150 2.84+0.02 3.07+0.01 3.29+0.02 3.57+0.017 4.02+0.025 3.41+0.06
210 3.48+0.01 3.74+0.01 3.89+0.02 4.78+0.042 5.04+0.035 4.51+0.01
270  4.35+0.02 4.76 £ 0.02* 4.89 % 0.01* 5.29 + 0.025%*6.16 + 0.019***5.93 + 0.03**
330 4.74+0.01 6.18+0.01 5.83+0.03 6.48+0.025 7.25+0.025 6.57 % 0.04
420 520+0.01 7.67 £0.01 7.23+0.010 7.86+0.03 8.86+0.017 7.63+0.01
510 5.63+0.02 9.17+0.03 8.29+0.019 8.88+0.017 9.72+0.01 825+ 0.00
600 6.10 +0.019.94 + 0.01**8.91 + 0.017%9.34 + 0.023*¥10.21 + 0.01*** 8.96 + 0.01*

Results are presented as mean * S.E.M. *p < 0.05, **p < 0.01, ***p < 0.001 vs. CA.
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Figure 3. Dissolution profile of CA, CSD-1, CSD-2, CSD-3,

CSD-4, and CSD-5. Each value represents mean + S.E.M (n = 3).
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Among these CSDs, CSD-4 produced significantly (p < 0.001) higher drug
concentration in comparison to that of CSD-1, CSD-2, CSD-3, and CSD-5. In-
ferring the best formulation consisting of CA and silica (Caplex-67) at a ratio of
1:3 for maximizing CA dissolution based on the amount of relevance for drug
release among different CSDs.

3.3.2. Dissolution Profiles of CSDs Containing Carplex-67 and PEG-4000

The CSD-4 was chosen for further research using both Carplex-67 and
PEG-4000 at different ratios to produce CSD-6, CSD-7, and CSD-8 from the si-
lica (Carplex-67) based CSDs. Table 4 and Figure 4 show the dissolution pro-
files of certain CSDs. The CSDs released 1.25, 1.26, and 2.11 times more drugs
than pure CA significantly. CA, on the other hand, reached a peak concentration
of 6.10 g/ml after 600 minutes. CSD-6 exhibited a comparable peak drug con-
centration to CA at 390 minutes, CSD-7 at 330 minutes, and CSD-8 at 210 mi-
nutes, suggesting that CSD-6, CSD-7, and CSD-8 were capable of quicker drug
release in water. Despite this, the peak concentration produced by CSD-6,
CSD-7, and CSD-8 was 9.34, 9.53, and 12.26 ug/ml at 600 minutes, respectively.

Table 4. Dissolution profile of CSDs containing carplex-67 and PEG-4000.

Time Concentration (pg/ml)
(min) CA CSD-6 CSD-7 CSD-8
0 0.25 +0.01 0.30 £ 0.02* 0.31 £ 0.03** 0.53 £ 0.02%**
5 0.35+0.01 0.39 £ 0.01 0.39 £ 0.01 0.63 +£0.02
30 0.92 +0.01 0.97 +0.01 1.04 + 0.01 1.15 + 0.02
90 1.95+0.01 1.97 £ 0.02 2.14 £ 0.05 3.28 £0.03
150 2.84 £ 0.01 2.93 £0.02 3.24+£0.03 4.93 £0.03
210 3.48 £0.01 3.51+£0.01 4.19 £ 0.02 6.34 +0.02
270 4.35 £ 0.02 4.42 +0.03* 5.07 £ 0.02** 7.85 £ 0.02%*
330 4.74 £ 0.01 5.44 +0.03 6.03 +0.02 8.97 £ 0.02
420 5.20 £ 0.01 6.77 £ 0.01 7.15 £ 0.04 10.89 + 0.01
510 5.63 £0.03 7.97 £ 0.01 8.48 £ 0.02 11.74 £ 0.02
600 6.10 + 0.01 9.34 +0.02% 9.53 £ 0.02** 12.26 + 0.02***

Results are presented as mean + S.E.M. *p < 0.05, **p < 0.01, **p < 0.001 vs. CA.
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Figure 4. Dissolution profile of CA, CSD-6, CSD-7, and
CSD-8. Each value represents mean + S.E.M (n = 3).
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CSD-8 produced significantly (p < 0.001) higher drug concentrations than
CSD-6 and CSD-7. Considering the amount of relevance for drug release among
different CSDs, CSD-8 could be inferred as the optimal formulation for opti-
mizing CA dissolution, consisting of CA, silica, and PEG-4000 at a ratio of 1:3:2.

3.4. Solid-State Characterization

3.4.1. Thermal Analysis by DSC

DSC was used to assess the thermal stability of CSD formulations. It also pro-
vides information on how crystalline materials melt and re-crystalline. DSC in-
vestigations are therefore helpful in understanding the crystallinity features of
CSDs. Figure 5 illustrates the thermal properties of CA and CSDs. CA (micro-
nized) produced a low-intensity endothermic peak at 83.36°C, showing that the
substance is partially crystallized. The crystallinity of the carriers PEG-4000 and
Carplex-67 peaked at 65.71°C and 97.53°C, respectively. However, there was no
notable peak for CA in the thermograms of CSDs, except for broad endothermic
peaks for utilized carriers. CSD-4 and CSD-8 thermograms revealed a broad but

smaller endothermic peak correlating to CA’s melting point.

G

! | 1
30 75 120 165 210 255 300

Temperature (°C)
Figure 5. DSC thermos-grams of (a) CA; (b) PEG-4000; (c) Silica; (d)

CSD-1; (e) CSD-2; () CSD-3; (g) CSD-4; (h) CSD-5; (i) CSD-6; (j)
CSD-7; (k) CSD-8.
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This finding showed that a portion of CA may undergo amorphous transforma-
tion. This solid-state change could happen when SDFs form. However, the ther-
mograms of CSDs revealed that CA had the smallest strong peak, implying that
CA could be in an amorphous or molecularly dispersed state. This is due to the
high carrier concentration and homogenous medication dispersion on the carrier
surface. The possibility of converting CA from a crystalline to an amorphous form

during the manufacture of solid dispersions accounts for these results.

3.4.2. Characterization of Crystallinity by PXRD

CA (micronized), silica, PEG, and CSDs powder X-ray diffraction patterns are
shown in Figure 6. Because of the drug’s micronization, the PXRD pattern of
CA revealed no major sharp peaks, which matched its DSC thermogram. CA
only had a wide peak with an intensity of 21.48 after being micronized. Sharp
peaks for PEG were discovered at 2 angles of 19.73° and 24.23°, indicating that
PEG-4000 is crystalline.

0 10 20 30 40
Diffraction Angle (260)

Figure 6. PXRD patterns of (a) CA; (b) Silica; (c) PEG-4000; (d)
CSD-1; (e) CSD-2; (f) CSD-3; (g) CSD-4; (h) CSD-5; (i) CSD-6; (j)
CSD-7; (k) CSD-8.
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However, due to its vast surface area and tiny particle size, silica has no dis-
tinct peak and is amorphous in nature. CSD-1, CSD-2, and CSD-5 all have a
steep peak. CSD-3, CSD-4, and CSD-6, on the other hand, have a broadened
peak at 23.59°. There was no peak for crystallinity in the instance of CSD-8. The
magnitude of the diffraction peaks, on the other hand, demonstrated that the
degree of crystallinity of CA in CSD-8 had nearly disappeared. In the CSDs,
however, there was no obvious peak for CA. PXRD analysis, like DSC analysis,

indicated the change of CA to an amorphous form.

3.4.3. Interaction Study by FTIR

An investigation of probable physicochemical interactions of CA with the carri-
ers was conducted using FTIR spectroscopy. Figure 7 shows the results of FTIR
spectroscopy on CA, silica, PEG-4000, and CSDs.

{

N ———

e

4000 3500 3000 2500 2000 1500 1000 500

Wavelength (cm™)

Figure 7. FTIR spectra of (a) CA; (b) PEG-4000; (c) Silica; (d) CSD-1; (e)
CSD-2; (f) CSD-3; (g) CSD-4; (h) (i) CSD-6; (j) CSD-7; (k) CSD-8.
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CA revealed two absorption bands corresponding to carbonyl groups at 1678 and
1680 cm™’, respectively, assigned to amide (N-H) and carbonyl (C=0) stretching,
1782 cm™ (for lactam), 1760 cm™ (for acetate), 1720 cm™ (for 4-ester group), 1676
cm™ and 1534 cm™ (for 7-amido) [23]. The deformation of the ~-OH group of
Si-OH caused a band at 1055 cm™ and a dramatic decrease in the strength of the
Si-OH band at 950 cm™ [24]. For C-H stretching, C-H bending, C-O-H stret-
ching, and O-H stretching, PEG revealed bands at 2876, 1340, 1278, and 1096
cm™, respectively [25] [26].

In the FTIR spectra of CSDs, however, the intensity of the band for stretching
the carbonyl group was lowered, and the band due to stretching the -NH was
reduced. This could be due to an interaction between CA’s amide group and
PEG’s C-O-H. Furthermore, the bands caused by lactam, esters, and amides
were completely eliminated in all formulations.

Because of the presence of O-H groups in the PEG structure, there was a
greater chance of weak hydrogen bonds forming with the polar groups of lactam,
ester, and amide groups of CA, resulting in lower bond energy and hence in-
creased wettability of the conjugates In CSD-8, the band for the Si-OH group of
Silica was moved from 1093 cm™ to 1076 cm™, likely due to the chemisorption
of the conjugate through the -OH group of PEG. As a result, the FTIR spectra of
CSDs revealed many probable in teractions between the additives and CA in the

formulation, which would be validated by a subsequent NMR analysis.

3.4.4. Morphological Study by SEM

Figure 8 depicts SEM images of CA, PEG, silica, and CSDs. CA showed as regu-
lar spherical particles with uniform and smooth surfaces on the microscope
(Figure 7(a)). Amorphous powder and irregularly shaped crystals were visible in
the SEM pictures of silica and PEG, respectively (Figure 7(b), Figure 7(c))
However, no particle of CA was visible in the micrographs of CSDs (Figures
7(d)-(k)), indicating that CA molecules may have adsorbed on the carriers’ sur-
faces which may have contributed to the increased dissolution rate of CA in CSD

formulations.

3.5. Comparative Dissolution Study
3.5.1. Dissolution Profiles of CSD-8 with Cefuroxime Axetil Tablets in
Water
Table 5 and Figure 9 show the dissolving characteristics of CSD-8 and mar-
keted tablet dosage forms CAMPs (Cefuroxime Axetil Marketed Products).
CSD-8 produced more drug release than marketed dosage forms at the initial
sampling point, ranging from 7.56 to 13.25-fold with varying meaningful levels.
Furthermore, CSD-8 dissolving concentrations were higher than CAMPs at all
other sample sites. CAMP-1, CAMP-2, CAMP-3, and CAMP-4 generated 6.75,
7.33, 9.61, and 9.12 pg/ml, respectively, at the end of 600 minutes, whereas
CSD-8 produced a comparable peak drug concentration of 12.26 ug/ml (p <
001).
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Figure 8. SEM images (x1.0 k); (a) CA; (b) PEG-4000; (c) Silica; (d) CSD-1; (e)
CSD-2; (f) CSD-3; (g) CSD-4; (h) CSD-5; (i) CSD-6; (j) CSD-7; (k) CSD-8.

Table 5. Comparative dissolution profiles of CSD-8 with CAMPs in water.

Time Concentration (ug/ml)

(min)  csp.-g CAMP-1 CAMP-2 CAMP-3 CAMP-4

0 0.53+0.02 0.04+0.01* 0.076 £0.01**  0.038 £ 0.01*  0.048 £ 0.01*

5 0.63+0.02 0.12+0.02 0.14 +0.02 0.17 £ 0.02 0.20 £ 0.02
30 1.15+0.02 0.50 +0.03 0.60 + 0.04 0.60 + 0.04 0.52 +0.04
90 3.28+0.03 1.20 £0.02 1.70 + 0.02 1.84 +0.03 1.59 £ 0.10
150 4.93+0.03 2.12+0.05 2.12+£0.05 3.30+0.03 2.95+0.03
210 6.34+0.02 2.73+0.03 3.07 £ 0.03 4.55 +0.02 4.05+0.05
270 7.85+£0.02 3.38+0.03 4.03 +0.03 5.69 +0.01 5.06 £0.03

330  8.97+0.02 3.97+0.05 4.80 = 0.04 6.51 £0.015 6.01 +£0.03

420 10.89+0.01 5.06 +0.03 5.79 £ 0.01 7.82 +£0.03 7.24 £0.01

510 11.74+0.02 6.06 +0.02 6.63 +0.02 8.74 £ 0.03 8.36 £ 0.09

600 12.26+0.02 6.75+0.02% 7.33 £.020* 9.61 £ .05** 9.12 £.03**

Results are presented as mean + S.E.M. *p < 0.05, **p < 0.01, **p < 0.001 vs. CSD-8.
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Figure 9. Dissolution profile of CSD-4, CSD-8, CAMP-1,
CAMP-2, CAMP-3, and CAMP-4 in water. Each value
represents mean + S.E.M (n = 3).

3.5.2. Dissolution Profiles of CSD-8 with Cefuroxime Axetil Tablets in
GSF

Dissolution profiles of CSD-8 and marketed tablet dosage forms are depicted in
Table 6 and Figure 10. In this profile, drug release from CSD-8 was compara-
tively lower at all sampling points than the CAMPs in GSF. However, the drug
concentration of CSD-8 was comparable with that of CAMP-4 at 600 minutes.

3.5.3. Dissolution Profiles of CSD-8 with Cefuroxime Axetil Tablets in ISF
Table 7 and Figure 11 show the comparison of CSD-8 and CAMPs dissolution
in phosphate buffer pH 6.8 media. CSD-8 released much more drugs (p < 0.001)
than CAMPs at the initial sampling point, ranging from 1.91 to 5.50-fold. Fur-
thermore, at all sample points, CSD-8 showed significantly higher drug concen-

trations than marketed dosage forms.

4. Discussion

Cefuroxime Axetil (CA) is a BCS class II drug having very poor aqueous solubil-
ity that plays a limiting role on its bioavailability [26]. To overcome this limita-
tion solid dispersion (SD) formulations were developed to enhance the aqueous
solubility and hence bioavailability of this hydrophobic drug. For this, various
formulations of CSDs were prepared using PEG-4000 and Carplex-67 as carrier.
The resultant CSD formulations were characterized and evaluated through
in-vitro dissolution and solid state characterization by DSC, PXRD, FTIR and
SEM. From the in-vitro dissolution study, it can be seen that the drug release con-
centration obtained from the silica-based formulation CSD-4 was 10.21 pg/ml,
which was 1.75 times higher than that of pure CA. At 600 minutes, adding PEG
4000 to formulation CSD-8 resulted in a medication concentration of 12.26
pg/ml, which was 2.11 times greater than pure CA (Table 3 & Table 4 and Fig-
ure 3 & Figure 4). Increased hydrophilicity was accomplished with the use of
PEG, a hydrophilic polymer, which facilitated CA dissolution. This could be due

to chemisorptions on PEG and silica, as well as improved drug wettability, as
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shown by physicochemical analysis. The conversion of the drug from crystalline
to amorphous form was demonstrated by DSC thermograms (Figure 5) of the
CSDs, as well as PXRD (Figure 6) data. The other mechanism, physical bonding
between carriers and pharmaceuticals, was demonstrated by FTIR spectrum
(Figure 7), implying that this interaction could improve the drug’s wettability

qualities and raise drug dissolution rates [27] [28].

Table 6. Comparative dissolution profiles of CSD-8 with CAMPs in GSF.

Time Concentration (ug/ml)

(min) CSD-8 CAMP-1 CAMP-2 CAMP-3 CAMP-4
0 0.14 £0.01 0.88 +0.04** 0.61 £0.01* 0.93 +0.05** 0.90 + 0.03***
5 025+0.03 1.01+0.03 125+0.01  123+0.01  1.25+0.01
30 1.05+001  2.67+0.01  1.94+0.03 181001  2.35+0.02

90 2.93 +£0.03 4.76 £ 0.03 4.18 £ 0.04 2.93 £0.04 3.89+0.03
150 4.30 £ 0.02 6.27 £ 0.05 6.30 £ 0.02 6.33 £0.01 4.33 £ 0.01
210 5.61 £ 0.04 7.26 £ 0.01 7.99 + 0.01 7.70 £ 0.02 4.76 £ 0.02
270 6.75+0.03 8.43 £ 0.01 9.16 £ 0.03 8.57 £0.03 5.74 £ 0.05
330 7.75 £ 0.01 9.09 £ 0.02 10.55 +0.01 9.59 £ 0.01 6.33 £0.06
420 9.06 + 0.02 9.76 £ 0.03 12.20 + 0.03 11.59 + 0.05 7.85 £ 0.02
510 9.83+0.03 10.92+0.03 13.47 +0.02 12.99 + 0.03 9.05 £ 0.01

600 10.29 £ 0.03 11.25+0.02**% 13.75 + 0.03*** 13.29 £ 0.02*** 9.12 + 0.02*

Results are presented as mean + S.E.M. *p < 0.05, **p < 0.01, ***p < 0.001 vs. CSD-8.

Table 7. Comparative dissolution profiles of CSD-8 with CAMPs in ISF.

Time Concentration (pg/ml)

(min) CSD-8 CAMP-1 CAMP-2 CAMP-3 CAMP-4
0 044 +0.01 023+0.03* 0.11+0.01* 0.16+0.03*  0.08 +0.01*
5 0.68+0.01 041+0.03  0.14+0.01  032+001  0.14+0.03
30 1.46+0.05 0.83+0.01  074+006  1.28+0.01  0.98+0.01

90 2.88 +0.02 2.09 £ 0.05 1.34 £ 0.03 2.48 +£0.03 2.53 +£0.01
150 4.42 +£0.03 2.50 £ 0.04 2.06 £ 0.01 4.18 £0.03 3.82 £0.05
210 6.21 £0.03 3.54+£0.03 2.64 +0.02 5.31£0.02 4.9 £0.04
270 7.35+0.01 3.88 £0.01 3.04 £ 0.04 6.00 £ 0.01 5.73 £0.02
330 8.27 £0.01 4.45%0.11 3.82 +£0.02 6.96 £ 0.03 6.24 £ 0.01
420 9.35+0.01 5.28 £0.01 4.36 +£0.03 7.70 £ 0.04 7.02 + 0.01
510 10.08 +0.04  5.89 +0.01 4.88 +£0.01 8.10 £ 0.02 7.44 + 0.05

600 10.18 £ 0.01 6.05%0.05* 5.33£0.05* 8.33x0.01** 8.09+0.01**

Results are presented as mean + S.E.M. *p < 0.05, **p < 0.01, ***p < 0.001 vs. CSD-8.
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Figure 10. Dissolution profile of CSD-4, CSD-8, CAMP-1,
CAMP-2, CAMP-3 CAMP-4 in GSF. Each value represents
mean + S.E.M (n = 3).
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Figure 11. Dissolution profile of CSD-4, CSD-8, CAMP-1,
CAMP-2, CAMP-3, and CAMP-4 in ISF. Each value represents
mean + S.E.M (n = 3).

DSC, PXRD, and SEM pictures combined showed that the hydrophilic carriers
reduced the crystalline behaviour of CA in the CSDs to varying degrees. Physical
change (from micronized to amorphous) and adsorptions of CA on the surface
of the carrier molecules by weak H-bonding between the -O-H groups of PEG,
silica, and the displayed functional groups of the drug could be the cause of this
conversion. CSDs improved drug release profile could be the result of interac-
tion-mediated adsorptions to varying degrees. Furthermore, CSD-8 (Figure 8(k))
revealed a network-like structure that promoted water absorption, resulting in
rapid and improved CA dissolution. Based on its dissolution behaviour, DSC,
PXRD, FTIR, and SEM data, CSD-8 can be recognized as the best solid disper-
sion formulation among the CSDs.

In a comparative dissolution analysis with commercialized cefuroxime axetil
tablets using water, GSF, and ISF, CSD-8 produced significantly greater drug re-
lease (p < 0.01) in aqueous and ISF media, respectively (Table 5 & Table 7 and
Figure 9 & Figure 11). This is most likely owing to the presence of PEG 4000 in
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the formulation, which has a controlled release feature. Because cefuroxime is
readily absorbed via the intestinal mucosa after hydrolysis by esterase from its
1-acetoxyethyl ester form [29], the recently discovered CSD-8 looks promising
for ensuring its oral bioavailability, even though the drug release concentration
in GSF is lower (Table 6 and Figure 10). This may make it easier to prevent CA
metabolism in the first-pass metabolism, resulting in optimal systemic bioavai-
lability.

In a previous study, researchers used a combination of fusion and surface ad-
sorption to improve the dissolution of a poorly water-soluble drug CA, where
poloxamer 188 plays a key role in drug solubility and dissolution and surface
adsorbent, Neusilin US2 may be used to give solid dispersions good flow and
compressibility. Neusilin US2 also increases effective surface area, which im-
proves the dissolving rate. The combination of fusion and surface adsorption has
been successfully employed to improve the solubility rate of the BCS class II me-
dication CA [30].

Another study indicated that using a solid dispersion technique for creating
solid dispersion formulations of the poorly water-soluble drug CA with poly-
vinyl pyrrolidone (PVP K 30) and polyethelene glycol 4000 led to enhanced so-
lubility, which in turn boosted dissolution rate [23]. The dissolving rate of CA
was enhanced by employing the solvent evaporation method to prepare solid
dispersion with urea, according to Irchhaiya R ef al (2010) [31]. Dinda SC et al
(2012) also found that employing porous carrier sylysia 350 to prepare solid dis-
persions enhanced CA solubility, dissolution rate, flowability, and compressibil-
ity significantly [32]. Salam MT et al (2020) suggested a solid dispersion formu-
lation with improved solubility and antibacterial action employing microcrystal-
line cellulose (Avicel PH 102) as the carrier [33].

The current study’s findings that formulations produced using the dispersion
method and carriers showed a significant improvement in dissolution rate is
supported by all of these results. This might increase absorption and, thus, the
bioavailability of CA, which can be verified by additional in-vivo bioavailability

research.

5. Conclusions

In conclusion, CSD-8 was determined to be a superior formulation in terms of
dissolution rate to the existing tablet dosage forms. As a result, CSD-8 may be a
viable alternative to traditional CA dosage formulations.

However, before CSD-8 can be considered as a novel formulation, more
in-vivo research is needed to confirm its pharmacokinetics and antibacterial ac-

tivity, as well as its safety margin.
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