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Abstract

Cefdinir (CEF) is classified as a third-generation cephalosporin within class 1V of the Biopharmaceutical
Classification System (BCS). Consequently, it exhibits limited solubility in water, which might diminish oral
bioavailability. This study aimed to compare CEF in different solubility enhancement products. Specifically, the
CEF was physically mixed with co-former and then processed using different methods such as co-amorphous
system formation with curcumin, binary solid dispersion (SD) with polyvinylpyrrolidone k30 (PVP), and with
soluplus and ternary solid dispersion with curcumin and PVP using the solvent evaporation method. The products
were subjected to characterization using Differential Scanning Calorimetry (DSC), Powder X-ray Diffractometry
(PXRD), and Fourier Transform Infrared Spectroscopy (FTIR). Additionally, dissolution and In vitro antibacterial
activity tests were performed on these systems. The findings indicate a decrease in crystallinity for both curcumin
and soluplus binary systems. Conversely, in the case of CEF with PVP binary SD and ternary SD with curcumin,
the results demonstrate the entire creation of an amorphous system, resulting in improved release and in
vitro antibacterial properties compared to the pure drug. The presence of PVP in the solvent evaporated product
in both binary and ternary products produces a miscible mix, which might correlate to this totally amorphous solid
dispersed system.
Keywords: Cefdinir, solubility enhancement, co amorphous, polyvinylpyrrolidone k30, solid dispersion.

Introduction
gram-positive and gram-negative bacteria ®. BCS

Co-amorphous and solid dispersion (SD) are
among the methods that can potentially improve the
pharmaceutical efficacy of substances ®.
Amorphous solid dispersions (ASDs) which contain
a polymer dispersed with the drug, are more soluble
due to the drug's amorphous shape and hydrophilic
polymer @, PVP and Soluplus are excipients for
solid dispersion ®), which can change a drug's
physical state from crystalline to amorphous due to
their ability to increase the surface area and interact
with drug molecules . The co-amorphous state is
an amorphous state in which drugs are blended with
other drugs or low-molecular-weight compounds
such as excipients ©. Based on formulation
composition, it can be divided into binary and multi-
component (ternary) co-amorphous systems ©,
Previously, curcumin was employed as a co-former
with favipiravir and soluplus to create a ternary solid
dispersion system that improved favipiravir
dissolution and antiviral activity (.

Third-generation  cephalosporin  cefdinir
(CEF) inhibits bacterial cell wall formation and
treats mild to moderate bacterial infections in both

class IV drug CEF © has a 1.7 hour elimination half-
life @9, and it is a weakly acidic drug % with a pKa
of 8.70 @2, Thus, its oral bioavailability (16%—
21%) is poor due to its pH-dependent water
solubility @, Many approaches improve CEF
solubility. Spray-drying (SD) and supercritical anti-
solvent (SAS) micronized and amorphousized drug
particles and  crystalline  structure ),
Amorphization was also achieved via simple solid
dispersion by solvent evaporation producing fast-
disintegrating tablets %, CEF solubility and oral
bioavailability = have been improved by
nanosuspension, niosomal encapsulation, and
complex inclusion @610 The dissolution rate was
also increased by hydrophilic polymers and CEF
loading on nanographene oxide sheets %), This
study aims to prepare CEF using different solubility
enhancement methods, including co amorphous
system with curcumin, CEF solvent evaporation
product (CEF S.E), binary solid dispersion with
soluplus, CEF with PVP, and ternary solid
dispersion with curcumin and PVP, to improve
solubility, release, and In vitro antibacterial activity.
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Figure 1. Cefdinir structure

Materials and Methods
Materials

CEF (as received) was purchased from Hubei
widely Chemical Technology Co.,Ltd (China) .
Polyvinylpyrrolidone K30 (PVP) was purchased
from HiMedia Laboratories (India). Soluplus from

Table 1. Physical mixtures formulas (as received)
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BASF pharmaceutical industries (Germany).
Turmeric curcumin from Xi’an Sonwu Biotech
Co.,Ltd./China. Hydrochloric acid (HCI) from
Thomas Baker (Chemicals) Pvt. Ltd/India.
Methanol from Sisco Research Laboratories Pvt.
Ltd/India.

Methods

Preparation of physical mixtures (PMs)

As seen in Table (1), first, a binary
combination of CEF with curcumin, CEF with PVP,
and CEF with soluplus in weight ratios of 1:1, 1:1,
and 1:2 respectively was produced.

Second, a 1:1:1 ratio of CEF, curcumin, and PVP
ternary combination. Both mixture components
were weighed exactly and combined for five
minutes in a glass mortar until a homogenous
mixture was created at room temperature. For future

investigation, the materials were kept in a desiccator
(19, 20)

Formulation A B C D
Cefdinir 300 mg 300 mg 300 mg 300 mg
PVP 300 mg 300 mg
Soluplus 600 mg

Curcumin 300 mg 300 mg

Preparation of solid dispersion formulas (SDs)

As seen in Table (2), the amount of pure
CEF, CEF and PVP inaweight ratio of 1:1, CEF and
curcumin in a weight ratio of 1:1, and CEF,
curcumin, and PVP in a weight ratio of 1:1:1 was
dissolved in methanol then the solvent was
evaporated by rotary vacuum evaporator for 30

Table 2. Solid dispersion formulas

minutes at 40 °C under reduced pressure to produce
binary SD, co amorphous and ternary SD systems,
respectively @22, While CEF and soluplus SD was
prepared by milling using mortar and pestle for 30
minutes in a weight ratio of 1:2 @, The resulting
SDs were maintained in a desiccator for further
characterization.

Formulation E F

G

Cefdinir S.E (CEF S.E) 300 mg

Cefdinir and PVP SD 600 mg

Cefdinir and soluplus SD

900 mg

Cefdinir and curcumin co
amorphous

600 mg

Cefdinir, PVP and
curcumin SD

900 mg
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Differential Scanning Calorimetry (DSC)

CEF melting points were assessed by DSC
@4, A Shimadzu DSC 60 (Japan) was also used for
CEF S.E, PMs, and SDs. Crimp-sealed aluminum
pans (5-6 mg) held 3 mg of correctly weighed
samples. The measurement was done at 10 °C/min
from 35 to 280 °C (2526),

Powder X-ray Diffractometry (PXRD)

A powder X-ray diffractometer (Aires-
panalaytical company-Netherlands) evaluated CEF,
CEF S.E, PMs, and SDs. Operating conditions: 30
mA current, 40 kV voltage, 1/min scanning speed,
10-90° (20) range @7
Fourier Transform Infrared Spectroscopy (FTIR)

The KBr disc technique was utilized to
measure the FTIR of the CEF, CEF S.E, PMs, and
SDs using a Shimadzu 8300 Fourier transform
infrared system (Japan). Spectra between 4000 and
400 nm were investigated @8 29,

Determination of saturated solubility

In0.1N HCL (PH 1.2), CEF drug as received
and ternary SD saturated solubility were done in
triplicate. The drug was put in an excess amount
(about 25 mg) in 10 ml of buffer. Forty-eight hours
of stirring at 200 rpm at 25 °C was followed by
filtration through a 0.45 m syringe filter, dilution,
and UV spectrophotometer analysis at 281 nm ¢,
In vitro dissolution studies

All dissolution investigations used a paddle
(USP Apparatus I1) at 37 °C. CEF, PMs, CEF S.E,
and SDs were agitated at 50 rpm in 900 ml of 0.1N
HCI. The trail was tripled. After 15, 30, 45, 60, and
120 min, 5 ml samples were removed using a 0.45
mm filter syringe and replenished with a new
warmed (37 °C) medium to maintain volume
throughout the test. Samples were measured using a
UV-visible spectrophotometer at the selected A max
(31-34)

In vitro antibacterial activity (Determination of
inhibition zone)

The agar well diffusion technique was used
to test the In vitro antibacterial activity of the CEF,
PMs, CEF S.E, and SDs against Staphylococcus
aureus and Proteus vulgaris isolates. Nutrient broth
was used to cultivate isolated bacteria for 24 hours
at 37 °C. The Muller-Hinton agar was prepared
according to the instructions provided by the
manufacturer to assess the In vitro antibacterial
activity of the samples. Using a sterile cotton swab,
transfer 100 pL of bacterial solution with a
concentration of 1.5 x 10° cells/ml to each petri dish.
Six mm in diameter wells were punched on the agar
media using a sterile pasture pipette ©5 36),

A volume of 1 ml of 0.1 N HCI was used to dissolve
one milligram of each sample (CEF, PMs, CEF S.E,
and SDs), followed by vortexing and centrifugation
at 13000 RPM for five minutes. Supernatants were
transferred to Muller-Hinton agar wells from
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the drug as received (CEF), PMs, and SDs. The
inhibition zone encircling each well was quantified
24 hours later at a temperature of 37°C.

Results and Discussion
Differential scanning calorimetry (DSC)

The DSC pattern of CEF, PMs, CEF S.E, and
SDs are shown in Figure (2). Before processing our
active ingredient, the DSC technique was used to
measure the melting point of CEF, which showed a
pronounced endothermic peak at 228°C. The results
of Deniz Morina et al. ", Bohong Guo et al. 8, and
Krutika K. Sawant et al © were almost similar.
These endothermic peaks suggest a crystalline
active ingredient.
After SE CEF showed a disappearance of melting
peak with the appearance of a new wide peak at 100
that may indicate water evaporation, this result was
nearly similar to previous work in which SE of
cefixime showed disappearance of endothermic
fusion peak at 122.1 °C, possibly related to hydrate
loss during solvent evaporation @9, After mixing
with PVP, PMs showed a melting peak around 240
°C, but after solvent evaporation, the melting peak
disappeared and a wide peak around 100 °C
appeared; this could be related to PVP water loss,
the absence of a melting peak indicates the
formation of amorphous solid dispersion. The DSC
of supercritical fluid-assisted carvedilol-PVP solid
dispersion showed the absence of a melting point
peak but a broad endothermic peak from 50 to 150
°C, which can be related to the loss of water present
in the sample due to PVP's extreme hygroscopicity
0 Mixing with soluplus resulted in a melting peak
of about 240 °C, but following solvent evaporation,
the peak vanished and a broad peak developed
around 100 C°, indicating amorphous formation.
Wide peak may be attributed to soluplus's
hygroscopicity and water loss ©%.
By mixing with curcumin, the physical mixture
exhibits an endothermic peak around 182 C° which
corresponds to curcumin as mentioned before by
Wenling Fan et al. “? and CEF melting point
respectively, after solvent evaporation there is no
change in the thermogram. In the ternary mixture,
two peaks at 182 °C and 228 °C correspond to
curcumin and CEF melting points, respectively.
After solvent evaporation, these peaks disappeared,
with the appearance of a wide peak at 100 C°
indicating amorphous system formation. Similar
results were obtained from ternary SD of gefitinib
(zD) with different ratios of PVP or HPMC and
Eudragit S 100 generated by spray drying
(SD), DSC showed that the ZD melting peak was
completely missed and replaced with a broad peak
in all solid dispersions thermograms, indicating

successful drug conversion into its amorphous form
(43)
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Figure 2. DSC thermograms of CEF, PMs as received and SDs.

Powder X-ray diffraction (PXRD)

The PXRD pattern of CEF, PMs, CEF S.E,
and SDs are shown in Figure (3). The PXRD
patterns of the pure drug showed several peaks at 260
angles in the Braggs peaks, confirming the
crystalline nature of CEF, as previously reported ¢,
In the case of binary mixtures of CEF and curcumin,
CEF and soluplus, CEF and PVP and a ternary
mixture of CEF, curcumin and PVP Braggs peaks
remain visible with slight intensity variations,
indicating crystalline composition. Excipients may
have diluted drug peaks in the PM, causing these
intensity changes %, Braggs peaks reduce with CEF
solvent evaporation, indicating the drug may lose
some of itscrystallinity and return to semi-
crystalline form, as seen in a previous study for
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azithromycin ©9.0n the other hand, the binary SD
system of CEF and curcumin, CEF and soluplus
exhibited a decline in intensities of CEF Braggs
peaks, suggesting that most of CEF were
transformed to an amorphous state. In the case of the
binary SD system of CEF with PVP, and ternary SD
system of CEF, curcumin, and PVP the sharp peaks
were missing and amorphous halo peaks appeared,
indicating a full transition of cefdinir from
crystalline to amorphous to create SD and ternary
SD. This shows that the hydrophilic polymer (PVP)
can convert cefdinir from crystalline to amorphous
form @4 % These are identical to the results
obtained from DSC that indicate amorphous
formation.
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Figure 3. PXRD patterns of CEF, PMs as received, and SDs.

Fourier Transform Infrared Spectroscopy (FTIR)
As seen in Figure (4), Table (3) FTIR
spectrum of CEF shows N-H stretching at 3360
cm—1, O-H stretching of the carboxyl group at
3298.28 and 3059.1 cm*, and C-H stretching at
2939.52 and 2873.94 cm™L. A similar CEF spectral
pattern has been reported ¢,
The FTIR spectra of the PMs and the pure drug did
not significantly vary from one another. Drug
solvent evaporation (CEF S.E) caused N-H stretch
absorption to move from 3360 cm™ to 3350 cm-* and
widen the peak. Such shift may indicate changes in
intermolecular hydrogen bonding owing to CEF
semi-crystalline conversion. The shift in CEF
characteristic peaks indicates hydrogen bonding
between SD components in binary SDs (CEF and
PVP, CEF and soluplus, and CEF and curcumin).
This is consistent with previous research on
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resveratrol by forming solid dispersions using
Eudragit® E PO, polyethylene glycol 6000 (PEG
6000), Kollidon® 30 (PVP K30), and Soluplus®,
where shifting and disappearing in peaks indicate
hydrogen bond formation “®), In ternary SD of CEF,
curcumin, and PVP, the peak for cefdinir's -NH (at
3360 cm™ %) was absent, while CEF's -OH stretching
changed from 3298.28 and 3059.1 cm™ ! to 3302.13
and 3116.97 cm! respectively. -NH peak vanished
and —OH shift in the SD system, suggesting
intermolecular hydrogen bonds and amorphous
formation. Results were consistent with Jinfeng
Chenet et al.'s findings that when simvastatin co-
amorphized with epigallocatechin-3-gallate
(EGCG), the OH peak at 3551cm-1 disappeared and
the —C=0 stretching of SIM shifted, indicating that
intermolecular hydrogen bonds formed in the co-
amorphous system 7).,
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Figure 4. FTIR patterns of CEF, PMs as received, and SDs.
Table 3. FTIR spectra of Cefdinir in all Cefdinir containing formula
As received (PMs)
Group Pure CEF PM CEF+PVP | PM PM PM
CEF+solu CEF+cur ternary
N-H 3360 3360 3360 3360 3360
O-H 3298.28 3298.28 3302.13 3298.28 3298.28
3059.1 3059.1 3028.25 3059.1 3059.1
N-H bending | 1519.91 1519.91 1519.91 1508.33 1508.33
Solvent evaporated (SDs)
Group CEF SE CEF+PVP SD | CEF+solu SD CEF+cur Ternary SD
coamophous
N-H 3350 Dis 3360 3352 Dis
O-H 3302.13 3321.42 3298.28 3302.13 3302.13
3116.97 3116.97 3062.96 3116.97 3116.97
N-H bending | 1523.76 1539.2 1519.91 1508.33 1508.33

Determination of saturated solubility

Table (4) shows pure drug (CEF as received)
and ternary SD formulation saturated solubility in
0.IN HCI. Compared to CEF, SDs formula has
much higher solubility. The drug's full transition
from crystalline to amorphous, as shown by DSC
and XRPD, and molecular dispersion in the
hydrophilic carrier increase its solubility. Previous
research supported this finding ©4).
Table 4. Saturated solubility study of pure drug
and ternary SD

Formulation Saturation solubility
(mg/ml)
CEF as received 1.76523 £ 0.21

Ternary SD 4.701337 £ 0.30
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In vitro dissolution studies

As seen in Figure (5), about 46.87 percent of
CEF dissolves in 120 minutes. The dissolving rate
increased to 73.48%, 50.69%, and 59.03% in binary
PMs of CEF and PVP, CEF and soluplus, and
CEF and curcumin respectively. For CEF, PVP, and
curcumin ternary PM, the dissolution rate was about
(100 9%). The solvent evaporation of the CEF (CEF
S.E) dissolution profile was improved (73% of the
drug dissolved in 120 minutes). The dissolution rate
of CEF and PVP SD, CEF, and soluplus SD was
76.5 % and 47.32 %, respectively, while the rate of
CEF and curcumin co-amorphous was 3.2 %. This
dramatic decline in CEF dissolution rate compared
to crystalline drug may be due to aggregation during
dissolution. This result is consistent with Jiawei Han
et al., who found that a co-amorphous curcumin-
magnolol (CUR-MAG CM) system, compared to its
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crystalline  counterparts, showed decreased
dissolution due to aggregation. Here, HPMC, HPC,
and PVP K30 were co-formulated with CUR-MAG
CM to create ternary co-amorphous systems that
dissolved faster and better than crystalline “®. The
dissolution rate of ternary SD of CEF, PVP, and
curcumin is increased by 100% in 120 minutes. This
is possible because of the development of ternary
SD, which enhances the drug dissolution rate, which

Before solvent evaporation
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is consistent with prior studies showing that
PVP/resveratrol solid dispersions had increased
apparent solubility and almost fully released the
drug after 30 minutes 9. Also, in another study,
they reported that solubility enhancement of
ibuprofen drug could be achieved by ternary
amorphous system formation (ibuprofen, PVP, B-
cyclodextrin) ©0,

After solvent evaporation
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Figure 5. Dissolution profile of CEF, PMs as received and SDs.

In vitro antibacterial activity (Determination of
inhibition zone)

Agar well diffusion tests showed that all drug
samples tested (CEF, PMs, CEF S.E, and SDs) were
active against Staphylococcus aureus and Proteus
vulgaris bacterial isolates. The inhibitory zone of
CEF against Staphylococcus aureus became larger
only in the case of CEF, curcumin, and PVP ternary
SD formula when compared to the CEF, as seen in
Figures (6), while all PMs and SDs formulas have a
larger zone of inhibition against proteus vulgaris
compared to the CEF as seen in Figures
(7).Increased  drug solubility in  prepared
formulas may explain the increase in the In vitro
antibacterial activity ®Y. An increase in the drug's
permeability across the cell membrane might be
another factor enhancing the In vitro antibacterial
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activity ©2, The differences in antimicrobial
properties may be due to the membrane
characteristics and wall structure of Gram-negative
(Proteus vulgaris) bacteria, which have a thinner
peptidoglycan layer than Gram-positive bacteria;
this allows cefdinir formulas to easily destabilize
and break down bacterial cell walls. Therefore, we
observed a strong antibacterial action of CEF
formulas against Gram-negative bacteria. This is in
agreement with a previous study that developed
hard-cellulose capsules containing cefpodoxime
proxetil (CFD) (BCS Class II) loaded novel
PluronicVR F127 (P127)/Polyvinylpyrrolidone K30
(PVP) solid dispersions (SDs), which showed
significantly higher antibacterial activity against
Gram-negative and Gram-positive bacteria than
pure CFD ®9),
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Figure 6. The inhibition zone against Staphylococcus aureus of A- (1.2) pure CEF, B- CEF and soluplus SD,
C- PM of CEF and soluplus, D- PM of CEF and PVP, E- CEF and PVP SD, F- (30) pure CEF SE, G- (35)
PM of ternary system, H- ternary SD, I- (45) PM of CEF and curcumin, J- (50) CEF and curcumin SD.

Figure 7. The inhibition zone against Proteus vulgaris of A- (1.2) pure CEF, B- CEF and soluplus SD, C-
PM of CEF and soluplus, D- PM of CEF and PVP, E- CEF and PVP SD, F- pure CEF SE, G- (35) PM of
ternary system, H- (40) ternary SD, |- (45) PM of CEF and curcumin, J- (50) CEF and curcumin SD.
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Conclusion

This work created co-amorphous, binary, and
ternary SD CEF solubility enhanced products. PVP
in the solvent evaporated products in both binary
and ternary products creates a miscible mix that may
lead to the formation of a totally amorphous solid
dispersed system, which increases drug dissolution
rate and In vitro antibacterial activity. This can be
used in future work to modify CEF's physical
properties and dissolution rate.
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