
ORIGINAL ARTICLE

The Impact of Solid Dispersion on Formulation, Using Confocal Micro
Raman Spectroscopy as Tool to Probe Distribution of Components

M. Elisa Melian1
& A. Beatriz Munguía1 & Ricardo Faccio2

& Santiago Palma3 & Laura Domínguez1

# Springer Science+Business Media, LLC, part of Springer Nature 2017

Abstract
Purpose Solid dispersions (SDs) of a poorly water-soluble drug were prepared, and their physicochemical properties were
compared to those of control physical mixtures (PMs). Among the multiple techniques used to characterize the solid state of
preparations, confocal micro Raman spectroscopy (CMRS) was used as a non-destructive tool to qualitatively probe content
uniformity and distribution of drug and carrier.
Methods SDs and PMs of drug (fenbendazole, FBZ) were prepared containing two different carriers (poloxamer P188 or P407)
with different drug polymer ratios. The preparations were characterized by powder X-ray diffractometry, Fourier transform
infrared spectroscopy, thermal analysis, scanning electron microscopy, and in vitro dissolution assay. In addition, CMRS tech-
nique and principal component analysis (PCA) were used in order to statistically define the content uniformity and distribution of
the drug within the polymeric matrix.
Results In vitro dissolution results exhibited a marked improvement when the drug was formulated as SD compared to control
PM and to pure drug. The solid state of these preparations characterized by X-ray powder diffraction and Fourier transform
infrared spectroscopy showed no changes in the crystalline state of the drug and no chemical interactions between the compo-
nents. Raman studies showed a better content uniformity of the drug within the polymeric matrix when subjected to SD process,
correlating with the improved dissolution profile.
Conclusion This study provides evidence of the potential of the confocal Raman imaging technique, providing a fast and
powerful method to characterize solid dispersions which could be incorporated towards the use of quality by design (QbD)
approaches in pharmaceutical development.
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Introduction

The majority of failures in new drug development are
associated with poor water solubility that can lead to low
bioavailability, resulting in suboptimal drug delivery. This fact
is critical to oral administration, the most economic and
convenient route, in which the absorption of drugs in the
gastrointestinal tract depends mainly on their solubility and
permeability properties. From an estimated 40% of approved
drugs, around 90% are poorly soluble molecules, therefore,
advances in different insoluble drug delivery technologies
are attractive alternatives, including for reformulate marketed
drugs to improve efficacy (which may be of interest for the
pharmaceutical industry as it provides clinical and economic
benefits) [1]. Many techniques have been developed to
improve drug solubility and dissolution rate of drugs with
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poor water solubility as polymorphs, the amorphous form of
the drug, complexation, decreasing particle size of the drug by
milling, salt formation, liposomes, solid dispersions, etc. [2].
In particular, solid dispersions (SDs) consist of mixtures of
poorly water-soluble drugs in hydrophilic carriers which,
depending on their properties, drive the drug release profile
[3, 4]. Different processes for the manufacturing of SDs are
described as solvent and fusion methods, spray drying, co-
precipitation, co-evaporation, and freeze dying techniques.
Among melting methods, low temperature fusion is an
alternative when the API or carrier is not thermostable at high
temperature [5]. This modified technique consists in
suspending the API in a previously molten carrier, instead
of heating both drug and carrier at the same time. This
allows reducing heating time and process temperature [5].
This manufacturing process is a simple and environmen-
tally friendly non-solvent technology which is cost-
effective and can be easily scaled up for commercial
purposes [6, 7].

Dissolution enhancement of poorly water-soluble drugs in
solid dispersions can be assessed by standard dissolution tests.
In addition, other properties of SDs as physical state of the
drug, the drug-carrier interaction, the content uniformity and
distribution of components, among others must be studied to
characterize pharmaceuticals [5]. What is more, the use of
quality by design (QbD) approaches considers quality associ-
ated into a product than testing for acceptability after produc-
tion, based on the processes understood thoroughly, a concept
to be introduced in the pharmaceutical industry [8]. In this
sense, many instrumental techniques are applied to measure
these properties, as powder X-ray diffraction (PXRD) and
differential scanning calorimetry (DSC) to determine the crys-
talline state of drug; Fourier transformed infrared (FTIR) spec-
troscopy and thermal gravimetry analysis (TGA) to investi-
gate chemical stability and molecular interaction; scanning
electron microscopy or atomic force microscopy to qualita-
tively characterize the morphology of SDs, among others [9].

In this sense, the use of chemical imaging methods com-
biningmicroscopy and spectroscopy allows us to know spatial
properties of a particular compound into complex systems in a
non-destructive way, not available otherwise. Particularly,
Raman spectroscopy has been proved to be a useful tool for
identification and characterization of solid state properties of
pharmaceuticals, including SD studies [10–13]. It is a robust
and reliable method with a low limit of detection and minimal
sample preparation, with renewed interest of application in
pharmaceutical development to characterize among others,
content uniformity (composition, distribution, etc.) and chem-
ical aspects as stability [14].

Additionally, the utilization of statistical tools, like PCA,
implemented to the confocal Raman imaging technique pro-
vides a powerful and fast methodology for the data analysis
and the conclusions than can be drawn [15].

Fenbendazole (FBZ) was used in this work, as a model drug
belonging to the important class of broad-spectrum benzimid-
azole (BZ) anthelmintics, worldwide used for the prevention
and treatment of parasitic diseases, in veterinary and human
medicine, despite their low bioavailability that is hindered by
its low aqueous solubility [16]. Nevertheless, the need for new
anthelmintic drugs is a concern both for anthelmintic resistance
against commercially available drugs for a variety of nema-
todes of veterinary importance and for several parasites of
humans [17, 18]. In this sense, and as part of an ongoing re-
search project to search for new anthelmintics, we have com-
municated a series of novel valerolactam-benzimidazole hy-
brids [19, 20] that showed low solubility, similar to their com-
mercial benzimidazole precursors. Then, evenwhen the need to
develop new anthelmintic drugs is indisputable, they must be
conveniently formulated in order to maximize their availability
and efficacy. Similarly, we must also consider the enormous
potential for improving existing drugs that are still efficacious
by modification of their formulation/delivery, in order to use
existing actives more effectively [21].

In this work, solid dispersions of a poorly soluble drug
(FBZ) were prepared by a low-temperature fusion method,
using two different types of oral safe carriers, poloxamers
(polyoxyethylene-polypropylene block copolymer non-ionic
surfactants) P407 and P188 [22–24]. The formulations were
characterized in terms of solid state properties among others,
and chemical imaging was explored as a fast, powerful, and
non-destructive tool to characterize the content uniformity and
distribution of components of solid dispersions (SDs).

Materials and Methods

Chemicals

Fenbendazole (FBZ, pharmaceutical grade) was kindly donat-
ed by Laboratorio Uruguay S.A. (LUSA, Montevideo,
Uruguay). Poloxamer 188 (P188) and poloxamer 407 (P407)
were provided by BASF (Ludwigshafen, Germany). All other
reagents were of analytical grade.

Preparation of Solid Dispersions

FBZ SDs were prepared by dispersing FBZ in melted P188 or
P407 at different ratios (Table 1) in a water bath at 65 °C. The
mixtures were homogenized by stirring. The resulting homog-
enous preparations were rapidly cooled and pulverized. The
formulations were sieved to obtain a maximum particle size of
250 μm and stored in screw-capped glass vials at 8 °C.

Control physical mixtures (PMs) of FBZ and poloxamer
were prepared in order to compare the SDs against the simple
mixture of its components. PMs were prepared by manually
mixing the appropriate amount of FBZ and carrier previously
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pulverized and sieved to a maximum particle size of 250 μm
(composition detailed in Table 1).

FBZ Solubility and Dissolution Assay

Excess amounts of pure FBZ were added to 5 mL of HCl
0.1 N in hermetic tubes (by triplicate) transferred to a
thermostatic bath (Vicking Dubnoff, Argentina) at
37 °C. After 48 h, 1 mL of suspension was withdrawn
and filtered through a Millipore 0.45-μm membrane filter
and quantified by UV-visible spectrophotometry (Thermo
Evolution 300). Measurements were performed at
298.5 nm. The calibration curve of the drug follows line-
arity in the concentration range from 1.6 to 10.0 μg/mL,
with a correlation coefficient value of 0.995 and a limit of
quantification (LOQ) for FBZ of 0.23 μg/mL.

In vitro drug release studies of powered FBZ, SDs, and
PMs (equivalent to 5 mg of FBZ, SINK conditions) were
performed using USP dissolution apparatus 2 (SR6 SR11-
6-Flask Dissolution Test Station, Hanson Research),
adapted with 0.45-μm filters for sampling, at a paddle
rotation speed of 50 rpm in 900 mL of HCl 0.1 N, at
37.0 °C. Filtered samples were collected at 3, 5, 10, 15,
30, and 60 min and assayed for fenbendazole content by
UV-visible spectrophotometry at 289.5 nm. The profiles
were statistically compared using a model independent
approach by calculating the difference factor (F1) and

similarity factor (F2) among the profiles as described in
bibliography [25].

Physical-Mechanical Properties: Density,
Compressibility, and Angle of Repose

The density of the samples was determined by gently
pouring the powder into a 10 cm3 graduated cylinder.
The bulk density (BD) was calculated as the ratio between
weight (g) and volume (cm3). To determine the tap den-
sity (TD), the cylinder was tapped in vertical drop until no
measurable change in volume was noticed. The Hausner
ratio (HR) and the Carr’s Index (CI) were calculated in
order to evaluate the compressibility of the powder. The
angle of repose (α) for each mixture of powders was de-
termined by the funnel method [26].

Thermal Analysis

Thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC) curves were obtained using a Jupiter STA
449, Netzch simultaneous thermal analysis equipment. A
sample of around 5 mg was placed in sealed aluminum cruci-
bles with pierced lids. Measurements were made from 27 up
to 500 °C using a heating rate of 10 °C/min. The sensors and
the crucibles were under a constant flow of nitrogen (70 mL/
min) during the experiment. The fusion and decomposition

Table 1 Solid dispersions and
physical mixtures composition SD PM FBZ (wt.%) P188 (wt.%) SD PM FBZ (wt.%) P407 (wt.%)

SD11 PM11 5 95 SD21 PM21 5 95

SD12 PM12 10 90 SD22 PM22 10 90

SD13 PM13 25 75 SD23 PM23 25 75

SD14 PM14 50 50 SD24 PM24 50 50

Fig. 1 Dissolution profiles of
SDs and PMs containing P407,
see the BFBZ solubility and
dissolution assay^ section for
experimental details
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temperatures were taken as the extrapolated onset temperature
of the endothermic/exothermic peak.

Fourier Transform Infrared Spectroscopy

Fourier transform infrared (FTIR) spectroscopy was per-
formed using FTIR spectrometer IR-Prestige 21 (Shimadzu,
Japan). The formulations were characterized using KBr disks
from 4000 to 500 cm−1, at a resolution of 2 cm−1.

X-ray Powder Diffraction

X-ray powder diffraction (XRPD) was performed using a
Rigaku Ultima IV diffractometer operating in a Bragg-
Brentano geometry, with CuKα radiation measuring the
2θ = 4.00–60.00° range using 2θ steps of 0.02° with a 10-s
integration time per step. In order to estimate changes in the
crystallinity of drug and carrier, XRPD studies with internal
standard (IS) using Y2O3 (yttrium oxide) were carried out. For
this purpose, we mixed a 20% weight to weight of Y2O3 with
the SD and PM formulations. Every diffraction peak of FBZ
and P407 was normalized by the corresponding areas, in ref-
erence to the internal standard peaks. Once normalized, the
peak areas of FBZ and P407 in the SD were compared with
the corresponding peaks in the PM. FBZ and poloxamer crys-
tallinity after the SD procedure were calculated considering
the PM components as the initial crystalline state (100%).

Confocal Raman Microscopy

Confocal Raman spectroscopy was performed using a
WITec Alpha 300-RA confocal Raman spectrometer
equipment. The excitation laser wavelength corresponds
to λ=532 nm, and the power was adjusted to 45 mW to
avoid sample decomposition. Raman spectra were obtain-
ed by averaging a set of 22.500 spectra with 0.053-s in-
tegration time for each spectrum. The spectrometer oper-
ating with a grating of 600 lines/mm allowed us to obtain
a resolution of ~ 4 cm−1 in the range of 70 to 4000 cm−1.
All the images were collected at the resolution optical
limit of 300 nm.

Principal component analysis (PCA) and peak to peak in-
tensity ratio normalization, adapted from Karavas et al. [10],
were used for probing the spatial distribution of FBZ in the
samples.

Scanning Electron Microscopy

Particle morphology, size, and shape characteristics of pure
FBZ, pure P188, SDs, and PMs were examined using a scan-
ning electron microscope (ZEISS, Sigma, Germany). Samples
were attached to an adhesive conducting tape mounted on the
SEM stubs and were coated with Au before examination.

Results and Discussion

Dissolution Assays

According to FBZ solubility assay (31.3 mg/L at 48 h, HCl
0.1 N, 37 °C), we determined the amount of FBZ to be used in
the dissolution study following SINK conditions. FBZ disso-
lution profiles of pure FBZ, SDs, and PMs containing P407
are shown in Fig. 1. All SDs showed improved dissolution
rate of FBZ, compared to the corresponding control PMs
(Online Resource 1), demonstrating the utility of SD proce-
dure. The approach used to compare the dissolution profile of
each SD with its corresponding PM indicated that the curves
of SDs and PMs of equal composition were not similar
(Online Resource 2). In fact, within the first 15 min of the
dissolution assay, the amounts of FBZ dissolved from SDs
doubled those of the PMs (Table 2) both for P188 and for
P407. Nevertheless, the dissolution profiles of all SDs were

Table 2 Percentage of FBZ dissolved for each formulation within
15 min of the dissolution assay expressed as mean and standard
deviation. NQ indicates detected but not quantifiable

% FBZ dissolved (mean ± SD)

SD 15 min PM 15 min

SD11 74.8 ± 3.2 PM11 41.9 ± 1.4

SD12 68.4 ± 1.2 PM12 38.1 ± 3.1

SD13 72.4 ± 0.8 PM13 39.4 ± 1.5

SD14 71.9 ± 1.4 PM14 44.4 ± 1.4

SD21 78.4 ± 2.4 PM21 44.7 ± 1.4

SD22 69.7 ± 3.0 PM22 37.2 ± 1.2

SD23 70.5 ± 2.9 PM23 35.0 ± 0.5

SD24 73.9 ± 0.1 PM24 37.1 ± 3.2

FBZ NQ

Table 3 Physical-mechanical properties of formulations containing 95
and 50 wt.% of P407, pure FBZ, and pure P407

Physical-mechanical properties

P407
wt.%

Angle of repose
(α°)*

Carr’s
Index (CI)*

Hausner
ratio (HR)*

SD21 95 22.7 27.7 1.4

PM21 95 21.2 25.9 1.3

SD24 50 22.1 26.8 1.4

PM24 50 46.6 46.4 1.8

FEB 0 47.4 48.8 1.9

P407 100 19.5 29.8 1.4

*See the “Physical-Mechanical Properties” section for experimental
details
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similar according to de F1 and F2 calculated values, indicating
that the different carriers and the drug/carrier ratio did not
affect the release of the drug (Online Resource 2).

In previous works, we explored the use of poloxamer
as a carrier for preparing solid dispersions of albendazole
(ABZ) [27]. In that case, it was observed that the relative
ratio of the components (drug/carrier) was a key factor.
SDs with lower P188 percentage (50, 75 wt.%) seemed to
be more effective in increasing ABZ dissolution rate. A
possible explanation of these results could be that this
type of polymers can form thermoreversible gels.
However, no differences between the proportions ex-
plored were found in this study. This could be attributed
to differences in drug solubility (FBZ 0.01 mg/L; ABZ
10 mg/L, H2O, 25 °C) [28]. When DSs are dispersed in
water, carriers often dissolve or disperse rapidly due to
their hydrophilic property and form a concentrated layer
or a gel layer in some cases. If the drug is insoluble or
sparingly soluble in the concentrated layer, it can be re-
leased intact to contact with water and the dissolution

profile depends on the properties of the drug particles
(polymorphic state, particle size, drug solubility) [29]. In
this sense, we hypothesize that ABZ dissolution is
governed by the carrier’s properties, while for FBZ, the
drug which plays a central role given its lower solubility
could explain why there are no significant differences re-
garding the concentration of polymer used. In addition,
the significantly increased dissolution rate of FBZ when
poloxamers are used as carriers may be attributed to its
wettability, emulsification, and solubilization effects.

Physical-Mechanical Properties

Flow and compressibility parameters were studied as im-
portant physical-mechanical properties for the prepara-
tions of oral dosage forms. The results of the measured
angle of repose, Carr’s Index, and Hausner ratio of SDs
and PMs, particularly those containing 95 and 50 wt.%
of FBZ, are shown in Table 3. Compared to FBZ, all
preparations showed improved rheological properties

Fig. 3 FTIR spectrum of pure
FBZ, pure P407, and SD23
containing both compounds

Fig. 2 DSC and TGA thermograms of SD22, PM22, FBZ, and P407
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(Online Resource 3) and all SDs showed excellent flow
properties [26], particularly compared with the PMs,
which could be attributed to the more homogeneous dis-
tribution of FBZ within the SDs (see the BConfocal
Raman Microscopy^ section).

Physicochemical and Structural Characterization

Thermal Analysis

DSC and TGA results showed that FBZ melts with de-
composition at 210 °C (Fig. 2). DSC results confirmed the
reduction in crystallinity observed in XPRD experiments
since poloxamer-normalized melting endotherm showed a

10% reduction in terms of enthalpy (ΔHmel) when incor-
porated in SD22 as regards to the PM22.

FTIR and XRPD

From the more relevant infrared signals corresponding to pure
FBZ (3336.12; 1630.31; 742.28; 685.11 cm−1) and P188 or
P407 (2881.43; 1281.52; 1117.75 cm−1), those that were exclu-
sive signals of each component remain clearly unaltered in the
SDs and PMs collected spectra suggesting the absence of chem-
ical interactions between the components in the different for-
mulations (Fig. 3). This observation was confirmed by XRPD
where the diffractograms of SDs and PMs showed the signals
assigned to each pure component unchanged (FBZ 2theta(°) =
6.68, 11.16, 13.36; P407: 2theta(°) = 19.18, 23.36) (Fig. 4).

In fact, XRPD studies using Y2O3 as an internal standard
(100% crystalline, main signals 2theta(°) = 29.45; 34.05;
48.57) were conducted to estimate crystalline fractions of car-
rier and drug in the different preparations. Previous experi-
ments suggested that the SD process of manufacturing did
not affect FBZ crystallinity, although a slight change was de-
tected in poloxamer crystalline fraction. It is important tomen-
tion that we selected diffraction peaks of FBZ, P188/P407,
and Y2O3, which do not appreciably overlap as observed from
the diffractograms of the three pure components (Fig. 4a). The
results confirmed that there were not any significant differ-
ences neither of the crystalline structure nor the crystalline
fraction of the drug FBZ when it was formulated as SD or
PM (Fig. 4b). Nevertheless, a crystallinity reduction of around
30% for P407 was observed in the SD22 in comparison to
PM22 (Table 4), suggesting that the SD procedure affected
the crystalline order of the carrier fraction with almost no
change in the FBZ phase fraction.

SEM

SEM images of FBZ showed an irregular flat-shaped crystal-
line solid with a distribution size of 5–20 μm and a smooth
surface (Fig. 5a), while the carrier micrographs showed a

Fig. 4 a XRDP diffractograms with Y2O3 as internal standard. From
bottom to top: FBZ, P407, PM22, SD22. b XRDP diffractograms with
Y2O3 as internal standard, amplification of the FBZ peaks zone. From
bottom to top: FBZ, P407, PM22, SD22

Table 4 Crystalline fraction comparison of SD components with
respect to the PM

FBZ P407

Peak position
(degree)

SD crystalline
fractiona

Peak position
(degree)

SD crystalline
fractiona

6.60 117.0 19.30 68.3

11.20 96.2 23.20 73.8

13.40 94.9

Mean ± SD 102.7 ± 11.2 Mean ± SD 71.0 ± 3.7

a Expressed as percentage (see the BX-ray powder diffraction^ section for
experimental details)
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smooth surface spherical particles of 200–500 μm (Fig. 5b).
On the other hand, the solid dispersion (SD14) and physical
mixture (PM14) (1:1 FBZ:P407) showed a clearly different
appearance. In fact, while PM images showed acicular and flat
particles (Fig. 5c), those of the SD were rounder and homo-
geneous (Fig. 5d).

Confocal Raman Microscopy

Raman spectra of pure FBZ and P407 were collected (Fig. 6).
The 2-dimensional (2D) confocal Raman microscopy images
were obtained by getting single Raman spectra for every single
pixel of the selected images. This procedure was performed on

Fig. 5 SEM micrographs of a FBZ 2.34KX, b P188 24X, c MF14 745X, d SD14 104X

Fig. 6 Raman spectra of FBZ
(below) and P407 (above)
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SD22 and PM22 samples (FBZ 10 wt.%) at random locations
in areas of 15 × 15 μm2, with a grid of 85 × 85 points defining
the bitmap image. The mapping results were normalized in
terms of peak intensity ratios in order to avoid point-to-point
variations produced by height differences on the sample surface
[10]. The collected Raman spectra of crystalline FBZ and P407
are shown in Fig. 7. The selected signals were 1591 cm−1 for
FBZ and 866 cm−1 for P407, and the ratio was calculated as
I1591/I866. These peaks were exclusive signals of each compo-
nent and no interferences with other signals were detected at
their wavelength (Fig. 6). We proceeded with scripts prepared
in our group in order to obtain the histograms of the different
intensity ratio distributions, and presented as complementary
statistical information [30].

The SD mapping showed better content uniformity and
distribution of FBZ in comparison to the PM, although a
FBZ concentrated spot of 2–3 μm was detected (Fig. 7a).

The PM mapping showed four spots of concentrated FBZ,
with a mean size of 4 μm without any other signal indicating
FBZ distribution within the polymer matrix, demonstrating
poor homogeneity and blending between the active and the
matrix (Fig. 7b). Histograms showing the distribution of the
calculated ratios and their density in the image are also shown
in Fig. 7, on the right of their corresponding 2D mapping.
These charts correlate very well with the information giv-
en by the images. In fact, the histogram corresponding to
the SD shows a less discrete distribution than the distri-
bution of PM and a more homogeneous density. On the
other hand, the PM histogram shows just a few ratio bars,
and high-density values compared to the SD. This differ-
ence would indicate an SD image formed by pixels in-
cluding a wide range of combinations of FBZ/P407 ratios,
as opposed to a PM image formed by pixels where either
FBZ or P407 spectra domains presented signals.

Fig. 7 XY confocal Raman microscopy mapping of FBZ/P407 SD22 (a) and PM22 (b); their corresponding histograms are shown on the right. Scale
bars indicate the intensity ratio I1591/I866. All the images include the number of the grid points in X and Y axis, and the corresponding bar length
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The principal component analysis (PCA) images of the
samples were obtained by processing the same spectral data
used to calculate the normalized I1591/I866 2D confocal Raman
mapping. In the analysis of SD22, the principal component 1
(PC1) explains almost 90% of the variance within the data set.
PCA imaging allowed for the discrimination between two
groups. The first group corresponds to a zone represented in
blue, with a mean spectrum that corresponds to a mixture of
FBZ and P407, and zones with higher score values with main-
ly P407 composition (Fig. 8a). When analyzing the mapping
of the second principal component (PC2), which represents
less than 5% of the explained variance, the image discrimi-
nates a few spots of FBZ composition at higher score values
(Fig. 8b). On the other hand, in the reconstructed PM22

image, the PC1 represents also 90% of the explained variance
but its reconstructed image (Fig. 9) discriminates between
three groups: an extended zone in blue which corresponds to
pure P407, a small transition zone in sky-blue where the mean
spectra show the presence of both components, and a zone
with higher score values that represents pure FBZ. On the
other hand, in this case, PC2 did not provide different infor-
mation from PC1.

These PCA results confirm what was previously observed
with the normalized I1591/I866 2D mapping, which indicated
that the distribution of FBZ is better within the polymeric
matrix in the SD in comparison to that of the PM, which could
allow us to assure a better content uniformity. Additionally,
from the data analysis point of view, the utilization of PCA
constitutes a powerful and fast technique that does not require
further data reduction nor manipulation. This structural char-
acterization clearly explains the remarkable differences be-
tween the dissolution curves obtained for DSs and PMs, indi-
cating also that the crystalline fraction of P407/P188 is re-
duced when subjected to SD processes.

Conclusions

In this work, it was demonstrated the usefulness of Raman
chemical imaging as a fast, powerful, and non-destructive
method in pharmaceutical development.

In fact, with the aim to enhance aqueous solubility of
fenbendazole, binary solid dispersions containing two differ-
ent poloxamer carriers were prepared using a low-temperature
fusion method. In vitro dissolution results exhibited a marked
improvement when FBZ was formulated as SD. The solid
state properties of these preparations were characterized by

Fig. 8 PCA reconstructed image of SD22 considering. a PC1. b PC2. All the images include the number of the grid points in X and Y axis, and the
corresponding bar length

Fig. 9 PCA reconstructed image of PM22, considering PC1. The image
includes the number of the grid points in X and Y axis, and the
corresponding bar length
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different techniques such as X-ray powder diffraction
(XRPD), Raman confocal microscopy and Fourier transform
infrared spectroscopy, and SEM.

The most relevant contribution of structural characteriza-
tion was to probe that the crystalline fraction of P407/P188 is
reduced and FBZ is better distributed within the polymeric
matrix in the SD.

We hope that this methodology can be used in the future to
address similar materials contributing to the design of new
drug delivery systems and could be incorporated towards the
use of quality by design (QbD) approaches in pharmaceutical
development.
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