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Introduction: Itraconazole is a widely used broad-spectrum antifungal drug on a
global scale. However, its poor water solubility necessitates the development of
advanced formulations for its effective use. Currently, itraconazole is available
commercially in capsule form, with pellets containing the active drug. The
extraction of itraconazole from these granules is often required when
developing new formulations. Extracting active pharmaceutical ingredients
(APIs) from pellets is crucial in ensuring precise and consistent dosing when
producing pharmaceutical dosage forms. Surprisingly, no existing methods for
extracting itraconazole from pellets have been reported thus far.

Objective: Therefore, this study aimed to develop and evaluate an efficient
method for extracting this APl from pellets.

Methods: Two extraction methods were assessed: conventional Soxhlet
extraction and ultrasound-assisted extraction.

Results and Discussion: The results demonstrated that ultrasound-assisted
extraction significantly outperformed the conventional method, vyielding
higher amounts of itraconazole with a high purity level of 96.8%.

itraconazole, pellets, ultrasonic, extraction, antifungal drug

1 Introduction

Itraconazole is a broad-spectrum antifungal drug that selectively inhibits the P450-
dependent lanosterol Cl4a-demethylase enzyme, suppressing the synthesis of ergosterol in
the fungal cell membrane, which leads to a disruption in its permeability and function
(Bossche et al., 1995). This molecule, which belongs to the class of the 1,2,4-triazoles
(Figure 1), presents low water solubility and low gastrointestinal absorption when
administered orally, being categorized as a BCS II model drug in the Biopharmaceutics
Classification System (BCS). This issue is easily minimized by the formulation of the active
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FIGURE 1
Chemical structure of itraconazole.

pharmaceutical ingredient (API) as pellets (or beads); in such
systems, the base pellet contains sucrose or cellulose, which is
then coated with the active drug and polymers such as
hydroxypropyl methylcellulose (HPMC) being added to improve
dissolution and bioavailability (Sardana et al., 2019). Pellets have
gained considerable recognition as a versatile drug delivery system
due to their numerous advantages, including controlled release,
enhanced bioavailability, and simplified formulation (Chaerunisaa
et al., 2020).

In this context, extracting active pharmaceutical ingredients
from pellets is vital in producing pharmaceutical dosage forms,
as it guarantees precise and consistent dosing. Furthermore, it
enables accurate characterization, quantification, and quality
control of the API, facilitating efficient compliance with
regulatory guidelines and standards. Notably, using effective
extraction techniques can increase API recovery, reduce waste,
and maximize the utilization of valuable raw materials (Kulkarni
et al., 1995). The development of methods for extracting APIs from
pellets also plays a crucial role in the research field since the
development of new formulations takes up tremendous amounts
of API, which is not always available in its pure form.

In light of this, developing extraction methods for itraconazole
from pellets hold significant importance, particularly considering
the lack of reported approaches thus far. While several groups have
successfully devised extraction methods for APIs from solid dosage-
form drugs, it is worth noting that specific methods tailored to
itraconazole are currently lacking in the literature (Hsich et al.,
2017). Lee and co-workers, for instance, reported the use of solid-
liquid extraction, filtration and crystallization to obtain high-purity
acetaminophen, tetracycline and ibuprofen from unused tablets and
capsules (Pratama et al., 2020), while Ventura and co-workers
described the use of ionic liquids to extract ibuprofen from
pharmaceutical wastes (Silva et al., 2016).

Another promising method for extracting APIs from
pharmaceutical formulations, which has yet to be fully explored,
is using ultrasound-assisted approaches. These methods show great
potential for enhancing extraction efficiency and improving overall
extraction yields. However, their application in this context has
received limited attention and investigation thus far. Ultrasound-
assisted processes are essential from a sustainable chemistry point of
view and are very useful for accelerating chemical reactions and
improving the extraction rate of analytes from diverse matrices
(Carreira-Casais et al., 2021; Kumar et al., 2021; Yusoff et al., 2022).
The main advantages of ultrasound-assisted extraction include high
efficiency in short times, high reproducibility, low energy
consumption, and significant reduction in solvent use (Pingret
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et al.,, 2013). This approach is reportedly superior to conventional
Soxhlet extraction, grinding or Clevenger distillation, and may even
be associated with those if required (Chemat et al., 2017).

Considering all these concepts, this study focuses on developing
an efficient method for extracting itraconazole from pellets while
ensuring the integrity of the extracted API through comprehensive
characterization. Both Soxhlet and ultrasound-assisted extraction
approaches were employed in this research, resulting in exceptional
yields and high purity of the APL

2 Material and methods
2.1 General methods

Itraconazole pellets (Metrochem API, Hyder-abad, Telangana,
India) were donated by Valdequimica Produtos Quimicos Ltd. (Sao
Paulo, SP, Brazil). Itraconazole standards were purchased from
Merck. Acetonitrile (HPLC grade) was purchased from J.T. Baker
Inc. (Phillipsburg, NJ). All the chemicals and solvents were of
reagent grade and used without further purification. For the
analytical evaluation, all solutions were prepared using ultra-pure
water obtained from a Milli-Q Water Millipore purification system
(Burlington, MA, United States). The nuclear magnetic resonance.

(NMR) experiments were performed on a 500 MHz spectrometer
(Varian VNMR Instruments) using deuterated chloroform as solvent
and tetramethylsilane as an internal standard. The Fourier-Transform
Infrared Spectroscopy spectra were acquired on a Varian FT-IR
660 spectrometer in the 600-4,000 cm™ range with 20 scans and
2 cm™' resolution. High-resolution mass spectra (HRMS) were
recorded on a Q-TOF (Bruker, Compact) system; HRMS studies
were carried out in positive electrospray ionization (ESI) mode, and
the samples were directly infused at a concentration of 200 pg.mL™ in
methanol, using a 10-15 V cone voltage and 3000 V capillary voltage.
The chromatographic identification of itraconazole was performed on
a Shimadzu HPLC system equipped with a diode array detector
(DAD). The analysis was carried out using a CI18 analytical
column (Fortis”; 150 mm x 4.6 mm, 5 pum) at 25°C with a mobile
phase consisting of a mixture of acetonitrile and phosphate-buffered
saline 0.05 mol L' (pH 8.0 with ammonium hydroxide 1 mol L™") in
the ratio 60:40 (v/v), respectively, at a flow rate of 1.0 mL.min". The
injection volume was 20 pL, and the detection was carried out at
261 nm (Garcia Ferreira et al., 2019).

2.2 Optimization of the extraction of
itraconazole from pellets

Aiming to compare yield and purity, two different extraction
methods, namely ultrasound-assisted extraction and Soxhlet, were
employed to extract itraconazole from pellets. Dichloromethane was
used as a solvent in both cases, and all the experiments were carried
out in triplicate, with the results expressed as means.

2.2.1 Ultrasound-assisted extraction

Itraconazole pellets (5 g) were mixed with dichloromethane
(250 mL) and submitted to an ultrasonic bath (25 kHz, 100 W)
(UNIQUE, Brazil) for 30 min. The remaining solid fraction was
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TABLE 1 Evaluation of Soxhlet and ultrasound-assisted methods for
extracting itraconazole from commercial pellets (n = 3).

Extraction method  Extraction yield (%¥m/m) SD* (%)
Soxhlet 31.84 0.130
Ultrasound 73.65 0.011

*SD, standard deviation.

separated using vacuum filtration, and the filtrate was concentrated
using a rotatory evaporator.

2.2.2 Soxhlet extraction

Dichloromethane (250 mL) was added to a round bottom flask
coupled to a Soxhlet extractor containing itraconazole pellets (5 g)
placed inside a paper thimble. The extraction was carried out for 1 h,
and the mixture containing the extract was concentrated in a
rotatory evaporator.

2.3 Itraconazole purification

The extracted itraconazole was purified by employing the

recrystallization  technique. Initially, several solvents were
evaluated: ethanol, ethyl acetate, hexane/dichloromethane (9:1 v/
v), petroleum ether/dichloromethane (9:1 v/v). To accomplish that,
an appropriate amount of the drug was dissolved in a particular
solvent volume at 40.0 + 0.5°C. Gravity filtration was performed to
eliminate insoluble impurities, and the resultant filtrate was
collected. Subsequently, the solution was carefully transferred to
an ice bath to facilitate the crystallization of itraconazole. The
experiments were conducted in triplicate to ensure accuracy and
reliability. Finally, the extraction yield of itraconazole was

determined by employing the following formula.

Isolated itraconazole weight
x 100

It le (%) =
raconazole (%) Initial sample weight

The obtained solid was then characterized using the '"H-NMR,
FT-IR, HRMS and HPLC techniques.

3 Results and discussion

3.1 Evaluation of methods for the extraction
of itraconazole from pellets

The extraction of itraconazole from commercial pellets was
carried out by studying the efficiency of the hot extraction
procedure carried out in a Soxhlet apparatus and by sonication
in an ultrasonic bath. As shown in Table 1, the ultrasound-assisted
approach was considerably superior to the Soxhlet approach,
furnishing a 73.65% yield after recrystallization (vs. 31.84% yield
in the Soxhlet extraction), with a standard deviation of less than 1%
(n = 3). It is important to highlight that the ultrasound-assisted
extraction was conducted at room temperature for 30 min, while the
Soxhlet extraction took 1 h under heating to furnish virtually half the
yield. The high efficiency of the ultrasound-assisted extraction can
be attributed to cavitation and abrupt collapse of the bubbles in the
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TABLE 2 Evaluation of the solubility of itraconazole in different solvents.

Solubility
70°C-80°C
EtOH Insoluble Insoluble
EtOAc Insoluble Insoluble
CHCI3/MeOH (9:1 v/v) Insoluble Insoluble
Hexane/DCM (9:1 v/v) Insoluble Insoluble
Petroleum ether/DCM (9:1 v/v) Soluble Insoluble

solvent with the release of energy over the surface of the pellets,
locally increasing the temperature and pressure; this turbulence
produced by the cavitation phenomena leads to the fragmentation of
the solid and improved penetration of the solvent into the fragments
of the pellets (Luque-Garcia and Luque de Castro, 2004; Porevsky
et al., 2014).

3.2 Evaluation of parameters for the
recrystallization of itraconazole

Recrystallization is one of the most essential techniques for
purifying nonvolatile organic solids. A suitable solvent for
should dissolve the analyte (but not its
impurities) at high temperatures but not at room temperature.

recrystallization

Thus, we carried out solubility tests for itraconazole in various
solvents (Table 2), and the samples were classified as either soluble
or insoluble.

As shown in Table 2, itraconazole was insoluble in ethanol and
ethyl acetate at 70°C, and even a mixture of chloroform and
methanol did not lead to the desired outcome, with the resulting
mixtures presenting a highly cloudy aspect. On the other hand, when
a hexane/dichloromethane (9:1) mixture was employed, it was
possible to notice that the material was slightly more soluble
since it presented a less cloudy aspect. To our delight, a
petroleum ether/dichloromethane mixture led to the complete
solubility of itraconazole at 70°C, with a clear transparent
solution being observed.

3.3 Evaluation of the purity of the extracted
itraconazole

After the ultrasound-assisted extraction and recrystallization
steps, the obtained itraconazole sample was submitted for full
whether the API
structurally unaltered and its purity. The identification and

characterization to determine remained
confirmation of the purity of itraconazole were assessed using
"H-NMR spectroscopy, Fourier-transform infrared spectroscopy,
high-resolution mass spectrometry and HPLC. The '"H-NMR
spectrum of the itraconazole obtained from pellets is shown
in Figure 2.

The analysis of the '"H-NMR spectra showed that the extracted
itraconazole signals corresponded to those of the standard,
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FIGURE 2

'H-NMR spectrum (500 MHz, CDCls) of itraconazole obtained from commercial pellets using the ultrasound-assisted extraction method.

confirming the viability of the newly developed process for
extracting the API from commercial pellets. In the aliphatic
region of the 'H-NMR spectrum, two signals, a triplet and a
doublet at 0.90 and 1.38 ppm, respectively, both integrating to
3 protons, were assigned to terminal methyl groups. A doublet of
multiplets integrating to 2 protons was observed at 1.61-1.85 ppm,
corresponding to the methylene group between the dioxolane ring
and the phenyl ether moieties. Another set of multiplets at
3.23-3.24 and 3.35-3.36 ppm, integrating to 4 protons, was
attributed to the protons in the piperazine portion of the
structure. Multiplets at 3.82-3.85, 3.84-3.90, and 4.27-4.36 ppm,
integrating to 2, 2 and 1 proton respectively, were assigned to the
resonance of the dioxolane ring protons. The signal corresponding
to the protons of the methylene group linking the triazole and
dioxolane rings appeared at 4.78-4.82 ppm, integrating to 2 protons.
In the aromatic region, multiplets were observed at 6.73-6.87 and
6.93-7.39 ppm, both integrating to 4 protons, corresponding to the
protons of the two para-substituted aryl rings. Additionally, two
multiplets at 7.17-7.19 and 7.39-7.40 ppm, along with a doublet at
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7.41-7.61 ppm, each integrating to 1 proton, were assigned to the tri-
substituted phenyl ring. Finally, the three singlets at 7.62, 7.89, and
8.20 ppm are characteristic of the protons of the triazole ring.

The infrared spectrum of the sample displayed the characteristic
bands of itraconazole in 3,130, 3,068, 2,964, 2,823, 1,698, 1,585,
1,551, 1,510, 1,451, 1,381, 1,228, 1,184, 1,139, 1,043, 976, 944, 824,
and 736 cm™ (for more details, see Supplementary Figure SI;
Supplementary Table SI in the SI) (Brittain, 2009). The identity
of itraconazole was further confirmed by the HRMS results
(Supplementary Figure S2). In the mass spectrum, the ions
[M+2H]*™ [M+H]* 353.1278 and
705.2489 m/z, respectively.

Subsequently, the HPLC-DAD technique was selected as an

and were observed at

analytical tool to assess the purity of the itraconazole extracted from
commercial pellets. A peak with a retention time of 14.9 min was
observed in the obtained chromatogram, corresponding to that of
the itraconazole standard (Figure 3). The purity of the extracted
itraconazole, as determined by HPLC, was 96.8%, while the peak
purity was determined to be 0.082.
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FIGURE 3

Chromatogram obtained from the analysis itraconazole

extracted from commercial pellets at 261 nm. A prominent peak is
observed at a retention time of 14.9 min, corresponding to the
itraconazole standard. The HPLC-DAD analysis confirmed the
purity of the extracted itraconazole to be 96.8%.

4 Conclusion

This study introduces a novel, efficient approach for extracting
the active pharmaceutical ingredient (API), itraconazole, from
commercial pellets. Two extraction techniques, conventional
Soxhlet extraction and ultrasound-assisted extraction, were
compared, with the latter showing the most favorable extraction
yield. While the ultrasound-assisted method led to a 74% yield in
30 min at room temperature, the Soxhlet method required 1 h
under heating to furnish approximately 32% itraconazole yield. To
ensure the quality of the isolated drug, comprehensive
characterization was performed using spectroscopic techniques
and High-Performance Liquid Chromatography (HPLC). The
results confirmed that the extracted itraconazole had a high
purity level of 96.8% and that the API remained structurally
intact throughout the extraction process.

The application of ultrasound irradiation for itraconazole
extraction from pellets demonstrated significant potential,
which could benefit
development. The ultrasound-assisted extraction described in
highly
environmentally sustainable than traditional methods, as it
required Despite the

advantages, it is important to acknowledge the limitations and

pharmaceutical manufacturing and

this work was efficient and considerably more

shorter reaction times. numerous
challenges associated with using ultrasound-assisted techniques
to extract APIs from pharmaceutical formulations, such as
scalability. Besides that, using greener solvents is another point
that remains to be addressed in this context. As research and
development in this field progress, further optimization and
standardization of ultrasound-assisted extraction protocols will
enable its broader implementation in the pharmaceutical
industry, ultimately leading to more efficient and sustainable

drug manufacturing processes.
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