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The microphases and miscibility in binary curcumin (Cur) solid dispersions (SDs) with amorphous
polyvinylpyrrolidone K30 (PVP K30) and semi-crystalline poloxamer (P407) and poly(ethylene glycol)
6000 (PEG6000) as carriers were investigated by fluorescence contrasting utilizing confocal laser scan-
ning microscopy. A super sensitive fluorophore P4 with typical aggregation-caused quenching properties
was employed to stain the continuous polymer phases and contrasted with the autofluorescence of the
model drug Cur. In addition, differential scanning calorimetry (DSC) and powder X-ray diffraction (PXRD)
were utilized to assist in explanation of the fluorescence results. In all three SD systems, there is always a
homogenous polymer phase stained by P4 and it is difficult to adulterate Cur crystals by P4. Cur-enriched
rather than polymer-enriched domains could be detected. In the Cur-PVP K30 system, Cur exists in an
amorphous form at a Cur loading level of 50% and below, while Cur crystallines phase out and continu-
ously grow with the increase of Cur loading from 60% to 90%. The phase behaviors in the Cur-P407 and
Cur-PEG 6000 systems are similar but with minor differences. In both systems, Cur phases out as clusters
of drug-enriched domains at a loading level of 20% and below, which however cannot be correlated with
crystallization, as evidenced by both DSC and PXRD. There is a transition from an amorphous to a crys-
talline state from 20% to 30% Cur loading, above which Cur crystallines can be detected. It is interesting
that a co-mix phase of both Cur- and PEG 6000-enriched domains can be identified at Cur loading levels
of 10% and less. Taking together, it is concluded that contrasting Cur autofluorescence with the signals of

P4 proves to be a functional strategy to reveal multiple phases in the binary SD systems investigated.
© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia
Medica, Chinese Academy of Medical Sciences.

Solid dispersions (SDs) are commonly defined as a system with
one or more solutes solubilized or dispersed in the solid continu-
ous phases of one or more carriers, preferably highly hydrophilic or
readily soluble polymers [1-5]. The general goal of SD is to achieve
a highly dispersed metastable state of the solutes, which renders
them readily dissolvable upon contact with aqueous media. First
conceptualized by Sekiguchi and Obi in 1961 [6], SD has evolved
for more than sixty years. In addition to numerous publications, a
few tens of SD products have been successfully marketed as well
[2-4,7,8]. Depending on the properties and mass ratio of the drugs
and carriers, drugs can exist as microcrystalline, solid solution,
or amorphous phases in SD [3,9]. Readers are referred to recent
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reviews for the state of the art [3,4,10-12]. The current challenges
rest with mass production, physical instability, and restricted drug
loading [13-17].

The physical state is a determining factor in SD’s stability
and dissolution. It is generally acknowledged that only a limited
amount, usually too low to meet practical needs, of drugs can be
solubilized completely in the carrier matrix to form a solid so-
lution [18-21]. At higher loading levels, drugs commonly exist in
a solidified state of high dispersibility, which however is not sta-
ble enough and prone to phasing out or recrystallization, depend-
ing on the drug/polymer ratios. In recent years, the physical state
and multiple interactions within the SD systems have been identi-
fied or probed by a variety of approaches, e.g., differential scanning
calorimetry (DSC), powder X-ray diffraction (PXRD), Fourier trans-
formed infrared spectroscopy (FTIR), thermogravimetric analysis
(TGA), Raman spectroscopy, and fluorescence microscopy [16,22].
A concept of miscibility was devised to roughly describe the
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physical states of the solutes in SD matrices [23-26]. Miscibility
could be interpreted as the ability of co-mix SD systems with “ex-
cessive” (i.e., above the saturation solubility) solutes to maintain
a high-energy state for extended times. When too many solutes
are presented (i.e., above the miscibility limit), the drugs overrun
the miscible capacity and phase out very quickly. Taylor’s group
went further to probe the heterogeneity of binary SD systems us-
ing environment-responsive fluorophores or autofluorescent model
drugs [27-30]. Drug-enriched domains were visualized within the
polymer matrices based on the assumption that hydrophobic flu-
orophores tend to accumulate in hydrophobic drug-rich domains
[28]. Evidence by confocal laser scanning microscopy (CLSM) also
concludes that drugs may phase out as nanoparticles [30]. On the
other hand, by probing the autofluorescence of a model drug in-
domethacin, the physical state (e.g., heterogeneity/homogeneity) of
the drug in binary hydroxypropyl methylcellulose (HPMC) SD sys-
tems was revealed by correlating to the drug/polymer ratio [29].

Though environment-responsive fluorophores provide pertinent
information that helps clarify the virtual physical phases within
the SD matrix, the adulteration of fluorophores has its limitations.
One concern is the lack of sufficient environmental responsive-
ness to discriminate multiple drug- or polymer-associated phases.
Other concerns include the undue loading (0.2%-0.5%) [28-32] of
the fluorophores owing to their low quantum yields, which may
influence the phase behaviors. Moreover, the information reported
by current fluorescence methods is limited owing to the use of
mono-channel signals of either the fluorophore or the drug. There-
fore, we hypothesize that multiple phases in SDs may be revealed
in more detail by labeling the carrier matrix with more sensi-
tive and brighter fluorophores and contrasting them with drug-
associated phases, taking advantage of the disparity in fluorescence
responsiveness between different phases and autofluorescence of
the drugs.

Herein, we investigate the virtual physical states in binary cur-
cumin (Cur, Fig. 1) SDs. Cur was chosen as the model drug because
of not only its autofluorescence but also the easy formation of in-
tramolecular hydrogen bonds and therefore easy phasing out to
display multiple phases [33]. A very bright environment-responsive
fluorophore, P4 (Fig. 1), with a dipyrromethene boron difluoride
(BODIPY) parent structure [34,35] was employed to stain and vi-
sualize the multiple phases in the SDs. In addition to high quan-
tum yield, near-infrared emission, and photostability, the most dis-
tinguishable feature of this fluorophore is its high environment-
responsiveness. Owing to its high hydrophobicity, it stays in a sol-
ubilized and emissive state in hydrophobic media but forms aggre-
gates immediately upon contact with water, which directly results
in aggregation-caused quenching (ACQ) with fluorescence decreas-
ing to near zero [36-38]. This phenomenon implies that this kind
of fluorophore is exceptionally sensitive to the changes in envi-
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Fig. 1. Chemical structures of PVP K30, P407, PEG6000, curcumin, and the
environment-responsive fluorophore P4.
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ronmental polarity and may function to probe the multiple phases
in SDs. ACQ-based fluorophores have been employed to label and
track drug nanocarriers in bioimaging studies by several groups
[39-46]. A loading level of 0.001%-0.002% is enough to accommo-
date in vivo bioimaging. It is envisioned that by contrasting or co-
localizing Cur autofluorescence with P4 fluorescence, the physical
state of the drug crystals, co-crystals, and/or co-amorphous phases
as well as the solubilized state can be revealed in more detail.
In the current study, three common SD systems with polyethy-
lene glycol (PEG) 6000, polyvinylpyrrolidone (PVP) K30, and poly-
oxyethylene polyoxypropylene copolymer (Poloxamer) 407 (Fig. 1)
as carriers are investigated.

The environment-responsiveness of the fluorophore P4, as well
as Cur, was studied by monitoring their sensitivity to water. The
emission spectra of both Cur and P4 in aqueous acetonitrile with
different water fractions are acquired and displayed in Figs. 2A and
B, respectively. The maximum emission wavelength (Aem) of Cur is
about 525nm at an excitation wavelength of 405nm (Fig. 2A). In
response to the increase of water fraction from 0 to 100%, the flu-
orescence intensity of Cur decreases gradually with Aey increasing
from about 520nm to 530 nm. The autofluorescence of Cur bears
a certain degree of environmental responsiveness too, but there is
no water fraction-related jump in both fluorescence intensity and
wavelength (Fig. 2C). The Aem of P4 is 660nm at an excitation
wavelength of 603 nm (Fig. 2B). The fluorescence intensity of P4
remains at a level of more than 80% of its original at a water frac-
tion of 70% and below but drops abruptly at a water fraction of
80%. At a water fraction of 90% and above, the fluorescence inten-
sity of P4 drops to near zero, demonstrating superior water sensi-
tivity, which on the other hand reflects P4’s sensitivity to different
degrees of hydrophobicity/hydrophilicity.

To facilitate CLSM observation, SDs were prepared directly on
glass slides as thin films. The Cur-PVP K30 SD films were pre-
pared by a solvent co-precipitation method, while Cur-PEG6000 or
Cur-P407 SD films were prepared by a solvent melting/congealing
method. SD powders for DSC and PXRD analysis were prepared un-
der similar conditions by rotary evaporation, followed by manual
milling. Please refer to Supporting information for preparation and
characterization details.

Fig. 3 presents the CLSM images of the film casts of pure
Cur, Cur + P4, PVP K30 + P4, P407 + P4, and PEG6000 + P4 in either
405nm (Cur) or 633 nm (P4) channels, colorized blue or red, re-
spectively. Pure Cur displays its fluorescence (blue) but no emis-
sion in the P4 channel (red), whereas P4-carrier systems display
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Fig. 2. The emission spectra of Cur (A) and P4 (B) at an excitation wavelength of
405nm and 633 nm, respectively, in aqueous acetonitrile as a function of water vol-
ume fraction. The plots of fluorescence intensity of Cur (C) and P4 (D) at maximum
emission wavelength vs. water fraction.
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Fig. 3. Confocal laser scanning micrographs of the film casts of pure Cur, Cur+ P4,
PVP K30+ P4, P407 + P4, and PEG6000 + P4 in both 405nm and 633 nm channels.
Scale bar: 100 pm.

P4’s emission but no Cur signals. It is implied that the signals of
Cur and P4 can be collected in separate channels without mutual
interference, which is verified by the emission of Cur+ P4 films
that demonstrates distinct signals in each channel. The pure Cur
cast displays full-screen Cur signals, but the difference in fluores-
cence density reveals the physical details within the cast. It is ob-
vious that Cur crystals could be seen from the CLSM images of
the Cur cast. The Cur+P4 cast indicates a physical state similar
to pure Cur from the Cur channel. P4 could adulterate a fraction of
Cur as observed by the co-localization of signals from both chan-
nels (purple), but P4 fails to stain bulk Cur crystals because the co-
localization image shows non-stained Cur domains. The full-screen
red color confirms the homogenous distribution of P4 in the PVP
K30 film cast, which serves as an indicator of absolute solubiliza-
tion of the dye in the PVP K30 matrix. The dark fingerprints in
the images of P407 + P4 and PEG 6000 + P4 at 633 nm and merged
channels indicate the heterogeneous nature of both poloxamer-
and PEG-based SDs owing to the semi-crystallinity of these two
polymers [32]. The black stripes may represent void spaces on the
plane of laser scanning left by melting/congealing, corresponding
to the crevices as well as sags and crests which are observable by
the naked eye.

The CLSM images of Cur-PVP K30 binary SD systems are shown
in Fig. 4A. The fluorescence of films with a 5%-50% drug load-
ing is homogeneous with blue, red, and purple colors for Cur,
P4, and merged channels, respectively, indicating that Cur is uni-
formly dissolved or dispersed in these films. This finding is veri-
fied by results obtained from DSC and PXRD measurements (Figs.
4B and C). The DSC curves and PXRD patterns of PVP K30 did not
show the endothermic peaks characteristic of melting and diffrac-
tion peaks, respectively, indicative of its amorphous structure. It
is implied that at 5%-50% loading levels, Cur exists in an amor-
phous form in the Cur-PVP K30 binary system. However, the fluo-
rescence becomes heterogeneous for samples with a drug loading
of 60% or higher, whereby samples display either blue (Cur), red
(P4), or dark domains. The dark images with faint red fluorescence
are attributed to the reduced total amount of P4 utilized. As the
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dye P4 is believed to dissolve mainly in the polymers at a lim-
ited level and could not be easily incorporated into the crystal lat-
tices of small molecules [40,47,48], we fixed the loading level of P4
in the polymers. Unfortunately, the low PVP K30 level determines
the low level of P4 too, which makes the fluorescence from the P4
channel too low to be detected by CLSM. At a 60% drug loading
level, the appearance of dark points in the visual field may sug-
gest the beginning of phase separation in the binary system. This
tendency is approved by observations in both 70% and 80% loading
levels which demonstrate separated Cur domains. The Cur aggre-
gates presented in irregular shapes against the dark background
are proved by DSC and PXRD to bear a certain degree of crys-
tallinity (Figs. 4B and C). The DSC curve of crystalline Cur shows
an endothermic peak at 170.07 °C, ascribable to its melting point
[49,50]. At Cur loading levels of 60%, 70%, 80%, and 90%, peaks ap-
pear at 174.21, 171.25, 170.54, and 169.47 °C, respectively, corre-
sponding to endotherms of Cur crystals in the binary system. The
PXRD pattern of crystalline Cur (100%) exhibits multiple distinct
peaks at 26 scattered angles of 8.9°, 12.3°, 14.6°, 17.3°, 18.2°, 19.6°,
24.5°, 25.6°, and 26.8° [51]. Films with drug loadings ranging from
60% to 90% show the typical diffraction peaks of crystalline Cur
in ascending intensities. Taking together, there is a transition from
amorphous to crystalline between a Cur loading level of 50%-60%.

The CLSM images of Cur-P407 binary SD systems are shown
in Fig. 5A. In the Cur channel, the heterogeneous distribution of
Cur-enriched domains at 5%-20% Cur loading levels against the
homogenous background, which is stained red by P4 and repre-
sents the continuous phase of P407, demonstrates the occurrence
of phase separation. With the help of DSC and PXRD, the physi-
cal state of Cur within the P407 matrix could be identified. P407 is
semi-crystalline in nature [52] and shows an endothermal peak as-
cribed to its melting point at around 52 °C. The SDs with 5%, 10%,
20%, and 30% Cur loading have endotherms at a temperature below
the melting point of pure P407 but no endotherms at the corre-
sponding position of Cur’s melting point of 174.21 °C (Fig. 5B). The
endothermal characteristics suggest a lack of crystallinity at low
Cur loading levels (<30%). As DSC may overlook the endothermal
fingerprints of microcrystalline in SDs, PXRD results are employed
to identify the physical state of Cur further (Fig. 5C). It is appar-
ent that at a Cur level of 20% and below no diffraction is recorded,
confirming the lack of crystallinity as observed by DSC. Disparity
rests with the observation at 30% loading, where weak diffraction
of Cur crystallines could be detected. Referring to the CLSM obser-
vations, a loading level of around 20% seems to be a dividing point
regarding phase separation in the Cur-P407 binary systems. A tran-
sition is expected between the loading range of 20% and 30%.

At a loading level of 30%, Cur exists as small crystallines with
sizes of about 10pm. There is a growing tendency in crystal size
when Cur loading keeps increasing. At a 40% loading level, clus-
ters of Cur crystal needles could be observed with a diameter of
tens of microns and a length of hundreds of microns. Needle-, rod-
or slab-like Cur crystals could be observed in the Cur channel for
40%-90% drug-loading films. Combining the results from DSC and
PXRD (Figs. 5B and C), Cur remains mainly as crystals in higher
loading (>30%) binary systems. The crystal morphology cannot be
displayed in the Cur channel because multiple phases of Cur are all
shown in blue. The dark shadows in the P4 channel represent im-
ages of the Cur crystals which however could be more clearly iden-
tified from the merged channel. As the drug loading increases from
40% to 70%, the rod-shaped crystals grew. When the drug loading
increased to 90%, Cur formed large and irregular plate-like crystals.

The multiple phases revealed by CLSM for Cur-PEG600 binary
systems are similar to those of Cur-P407, but minor differences
are identified. Cur-enriched clusters are observed at a Cur loading
level of 20% and below (Fig. 6A), which is similar to the behav-
iors of Cur-P407 (Fig. 5A). Nevertheless, the merged channel in-
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Fig. 4. (A) Confocal laser scanning micrographs of Cur-PVP K30 films at different drug loading. (B) DSC curves and (C) PXRD patterns of Cur-PVP K30 SDs. Percentages refer

to drug loading. Scale bar: 100 pm.

dicates that except for the Cur-enriched clusters, purple staining
of co-localization of Cur and P4 indicates the separation of the
Cur-PEG6000 mixture as a new phase at a Cur level of 10%. The
Cur/PEG6000 co-mix phase presents as small purple dots in the
CLSM images with diameters of 10-20 um. Both the DSC and PXRD
curves do not display characteristic peaks of Cur crystallines, sim-
ilar to observations with Cur-P407 (Figs. 6B and C). Cur presents
as aggregates in the binary system at a loading level of 30% and
above, and the size of aggregates increases with the increase of Cur
loading, as revealed by the dark inlays in the P4 channel and bet-
ter revealed in the merged channel. Endotherms detected by DSC
emerge at a Cur loading level of 50%, in contrast with 40% for the
Cur-P407 system. PXRD gives diffraction of Cur crystals at a loading
level of 30%, similar to the Cur-P407 system.

Phase behaviors of drug-polymer blends play an important role
in the physical stability of SDs. Intimate mixing of drug and poly-
mer at the molecular level is deemed to be critical for optimal
performance, especially the inhibition of drug crystallization dur-
ing storage and dissolution [32]. When the phase separation takes
place in SD, the crystallization inhibition effect of the polymer on

the drug is weakened. Since most drugs are hydrophobic, phase
separation into drug-rich and polymer-rich phases would result in
a lower drug dissolution rate due to decreased wettability. Never-
theless, the detection of phase separation remains a challenge for
the lack of functional analytical tools. Though PXRD and DSC are
sensitive in reporting crystallinity and melting behaviors of SD sys-
tems, it is difficult to detect phase behaviors at microscopic levels.

The fluorescence method has been proved helpful in prob-
ing various microphases in the SD systems, such as the well-
acknowledged drug-rich phases, by exploiting the environment-
responsiveness of fluorophores such as pyrene and Nile red. The
fluorophores are usually embedded into the carrier matrix of SDs.
Alternatively, the autofluorescence of drugs could be employed to
display their virtual physical states too. Despite previous endeav-
ors, the information revealed by fluorescence probes is not al-
ways as reliable as desired owing to not only the complex mecha-
nisms underlying environment responsiveness but also the unilat-
eral behaviors of either carrier-associated fluorophores or drug aut-
ofluorescence. The current study greatly promotes environment-
responsiveness by utilizing a more sensitive and brighter probe
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Fig. 5. (A) Confocal laser scanning micrographs of Cur-P407 films at different drug loading. (B) DSC curves and (C) PXRD patterns of Cur-P407 SDs. Percentages refer to drug

loading. Scale bar: 100 pm.

P4. Compared with pyrene [37] and Nile red [53], P4 [34] pos-
sesses high water sensitivity, which reflects its higher responsive-
ness to environmental hydrophilicity/hydrophobicity. Though P4 is
just an alternative probe in the current study that only deals with
the physical state of SD, it would be very useful in downstream
studies that involve an aqueous environment such as in vitro dis-
solution test. In previous studies, the conclusion of enrichment of
fluorophores in “drug-rich” domains is imaginative. Nevertheless,
the exploitation of drug-derived autofluorescence helps highlight
the drug-associated phases by fluorescence co-localization and in-
creasing contrast ratios.

In previous studies, CLSM was utilized to investigate the
phase morphology and behavior of each component under differ-
ent conditions by selectively staining drug-rich and polymer-rich
phases with dyes aiming to visualize the different components
[30,31,54,55]. As claimed in these studies, hydrophobic probes such
as Nile red preferentially associate with the drug-rich phases lead-
ing to discrete domains, while the hydrophilic probes such as Alexa
Fluor 488 bind to polymer-rich phase and form continuous do-
mains. However, it would be considerably demanding to enrich the

probes in drug-rich domains in the solid SD network because of
the physical hindrance and a lack of adequate driving force in an
aqueous environment. Moreover, there are unclarities regarding the
degree of staining of different phases within the SD matrix, such as
the pure drug phase, the drug-enriched polymer phase, and the hy-
drophobic phases formed by some kind of polymers themselves. In
this study, auto-fluorescent Cur was used as a model drug, which
shows fluorescence resulting from excitation at 405nm in CLSM.
Besides, fluorescent probe P4 was added to the SD system with
the emission of red fluorescence under excitation at 633 nm. The
amount of P4 is merely 1% to 10% of that reported in the literature
[30-32,54,55], and the effect on phase separation is even smaller.
As literature loading of fluorophores (pyrene, Prodan, Nile red,
etc.) is much lower than the common solubility of chemical en-
tities in binary SD (0.2%-0.5%) [28-32], it is assumed that the
probes can be solubilized in the matrix in a much stable state. Al-
though the probes are prone to association with drug-rich phases,
uncertainties arise regarding the degree of staining of different
phases within the SD matrix, such as the pure drug phase, drug-
enriched polymer phase, hydrophobic phases formed by polymers
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Fig. 6. (A) Confocal laser scanning micrographs of Cur-PEG6000 films at different drug loading. (B) DSC curves and (C) PXRD patterns of Cur-PEG6000 SDs. Percentages refer
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themselves, and continuous polymer phases. Despite that fluo-
rophores work well to identify drug-rich domains in liquid su-
persaturation systems [56-59], it might not be easy to enrich the
probes in drug-rich domains in the solid SD network because of
the physical hindrance.

There are three basic categories of phases in the binary systems
investigated in this study: (1) the continuous carrier phases stained
by P4; (2) the drug-associated phases; (3) the mixed drug/polymer
phases as revealed by co-localization of the fluorescence of P4 and
Cur. As the loading level of P4 in all three polymers is very low,
the dye could be solubilized and distributed uniformly in the car-
rier matrix, as revealed by the fluorescence image of P4-stained
carriers (Fig. 3). If there is no solute in the carrier matrix, there is
no forced phasing out either. Therefore, we keep a constant loading
level of P4 in the polymers.

PVP K30 is the most common precipitating inhibitor being used
to prevent drug crystallization via its inherent hydrophilic nature
by arresting reorientation and forming stronger drug-polymer in-

teractions [60]. For the Cur-PVP K30 films, phase separation was
not observed for samples with a drug loading between 5% and
50%, and polymer (PVP K30) exhibited a good stabilizing effect to
retain Cur under the amorphous polymorph within the solid dis-
persion. However, P407 and PEG6000 gave poor stabilizing effects
on Cur, and phase separation occurred at low drug loadings. After
phase separation of the system, a blue drug-rich phase appeared
in the Cur channel, while the corresponding region in the P4 chan-
nel did not appear bright red, and the color was darker than the
surrounding continuous phase, which indicated that the hydropho-
bic fluorescent probe P4 was not enriched in drug-rich regions.
The probe may be dispersed into the polymer in a relatively sta-
ble state and indicative of the polymer phase. Further study and
evaluation would render more insight into detailed probe distribu-
tion and the microphase evolution of SDs under long-aging, high-
temperature, and high-humidity conditions.

The preparative procedures influence the phase behaviors of
SDs. The SDs have to be cast as thin films on glass slides to adapt
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to CLSM observation, whereas the SD powders are made from bulk
slabs to facilitate both DSC and PXRD analysis. To ensure meaning-
ful interpretation and comparison between film-casting and milled
slab samples, the preparative procedures are kept as similar as
possible except for the parameters that appeal to the batch size
such as the substrate of SD formation, means for solvent evap-
oration, and the final procedure of milling. The co-precipitation
method for the preparation of Cur-PVP K30 SD differs from the
melting/congealing method for Cur-PEG6000 and Cur-P407 SDs,
but it does not matter because there is no need for a comparison
between PVP-based and PEGs- or Poloxamers-based SDs. As PEG
6000 and P407 have a certain degree of similarity in crystallinity
and melting/congealing behaviors, the preparative procedures for
their SDs are kept the same. Even though the co-precipitation
could also be utilized to replace melting/congealing for the prepa-
ration of both PEGs- and Poloxamers-based SDs, a conventional
melting/congealing method is selected.

In conclusion, by contrasting the fluorescence of P4 with Cur
autofluorescence, the existence of multiple phases in binary Cur
SD systems has been revealed by CLSM. P4 could dissolve in the
carrier polymer matrices in a state of solid solution, while Cur has
a certain degree of solubility in the carrier matrix too. When Cur
loading surpasses a critical point, crystallization happens within
the SD matrix. The degree of crystallinity is positively appropri-
ate to Cur loading. PVP K30 has the strongest ability to suppress
crystallization with no Cur crystallines detected at a loading of
less than 50%. For both P407 and PEG6000, crystallization starts
at a Cur loading of approximately 30%. At a loading level of 20%
and below, no crystallines are detected, but Cur exists as clusters
of drug-rich domains. Specifically, at a loading level of 10% in the
Cur-PEG6000 SD, a discrete non-crystalline phase of Cur-PEG6000
co-mix presents. Results of DSC and PXRD confirm the crystallinity
of the Cur binary SD systems as revealed by the fluorescence con-
trasting strategy.
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