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Abstract. Amorphous solid dispersions (ASD) are one of the most important
supersaturating drug delivery systems (SDDS) for poorly water-soluble drugs to improve
their bioavailability. As a result of thermodynamic instability, drug molecules tend to
precipitate during storage and dissolution in gastrointestinal tract. Various precipitation
inhibitors (PI) have been widely used to improve the stability in the past decade. However,
most studies have investigated the inhibiting capability of PI on drug precipitation, rarely
considering their potential hindering effect on the drug dissolution. The present study
designed an ASD of Indomethacin (IND) and Eudragit® EPO by hot melt extrusion to
investigate the influence of the added PI (PVP-K30) into ASD both on dissolution and
precipitation. The precipitation study by solvent shift method indicated PVP-K30 could
inhibit the precipitation of IND significantly. The dissolution study in different concentrations
of PVP-K30 showed when the concentration increased above 50 ug/mL, PVP-K30 displayed
an acceptable precipitation inhibition without drug concentration decline but an unexpected
dissolution impediment with the reduction of maximum concentration platform. The
dissolution tests of physical mixtures (PMs) of ASD and PVP-K30 also showed the
precipitation inhibition and dissolution impediment when more than 2% PVP-K30 in PMs.
This opposed effect of PVP-K30 was strengthen in ternary systems prepared by hot melt
extruding the mixtures of IND, Eudragit® EPO and PVP-K30. All of these results proved
the PI may be a double-edged sword for the opposed effects of precipitation inhibition and
dissolution impediment, which should be carefully considered in the design and development
of SDDS.

KEY WORDS: precipitation inhibitors; supersaturating drug delivery systems; amorphous solid

dispersions; indomethacin.

INTRODUCTION

With the application of combinatorial chemistry and
high-throughput screening in drug discovery, an increase of
poorly water-soluble drug candidates with compromised
therapeutic efficacy has emerged (1). It is estimated approx-
imately 40% of marketed drugs and up to 75% of compounds
under development are poorly water-soluble (2,3), dramati-
cally challenging their oral bioavailability due to inadequate
dissolution and subsequently poor absorption in the gastro-
intestinal (GI) tract. Therefore, the enhancement of solubility
and dissolution rate is important to obtain acceptable oral
bioavailability in the design and development of such drugs.
Thus far, several strategies have been investigated to address
the poor water solubility problem, such as micronization (4),
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cyclodextrin complexation (5), salt formation (6), cocrystal
formation (7), use of surfactants, and solid dispersion (8).
Among these, salt/cocrystal formations and amorphous solid
dispersions (ASD) have been called as supersaturating drug
delivery systems (SDDS) owing to their significant enhance-
ment of apparent drug solubility (9,10). SDDS are defined as
systems that contain the drug in a high-energy state or
otherwise in a rapidly dissolving form so that the concentra-
tion of dissolved drugs in GI tract can be much higher than
the equilibrium solubility, providing sufficient drug concen-
tration to promote drug absorption (11-13).

Polymer-based ASD, in which the drug is molecularly
dispersed in appropriate polymeric carriers, has been increas-
ingly utilized as an effective SDDS because of its rapid
dissolution and uncomplicated scale-up manufacturing (14).
Attributing to the lack of ordered crystal lattice, the drugs
dissolve rapidly and generate the concentration higher than
the thermodynamic equilibrium solubility of the stable crystal
form (15-17). Obviously, this high concentration is thermo-
dynamically unstable so that the drug molecule probably
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precipitates in vivo before being absorbed, resulting in
compromised bioavailability (9,18,19). Therefore a major
challenge in developing such SDDS is to maintain the high
energetic supersaturated state for a sufficient duration and to
prevent the drug precipitation (11,13,20). Recently precipita-
tion inhibitors (PI) have been widely explored to preserve
drugs in the supersaturated state by inhibiting the nucleation
and/or the crystal growth involved in the precipitation process
(9,21,22). Vandecruys et al. (23) investigated the precipitation
inhibitory effect of various excipients on 25 drugs and found
that cyclodextrin (CD), hydroxypropylmethyl cellulose
(HPMC), and polyvinylpyrrolidone (PVP) could maintain
the supersaturation of drugs for a relative long time. Chauhan
et al. (24) reported that the strength of molecular interaction
between drugs and polymers was extremely important, which
led to the rank order of precipitation inhibitory effect on
Indomethacin with PVP-K90 > Eudragit® E100>HPMC.
Patel and Anderson (25) explored the mechanism of inhib-
itory effect by different PI, and found that CD could reduce
the driving force for crystal growth, while PVP obstructed
crystallization through the adsorption on growing drug
crystals.

So far as we know, most of the current studies have
focused on the effect of PI on drug precipitation process in
SDDS to prolong supersaturation time as well as to promote
drug dissolution. However, there is a lack of research focusing
on the impediment effect of PI on drug dissolution related to
its concentration, even as it is well known the polymer will
impact the drug dissolution through changing the wettability
of drugs and the viscosity of the environment. The present
study aimed to delve into the multiple effects of PI both on
drug dissolution and precipitation based on ASD prepared by
hot melt extrusion. Indomethacin (IND), a poorly soluble
nonsteroidal anti-inflammatory drug, was chosen as a model
drug, for IND has been a favored compound for dynamic
crystallization study (25-28) and the studies about IND ASD
were frequently reported (29-32).

MATERIALS AND METHODS

Materials

Indomethacin (IND) was purchased from Henan
Mingzhe Biotechnology Co., Ltd. (Henan, China). Eudragit®
EPO (EEP) was donated by Evonik Industries AG (Darm-
stadt, Germany). Polyvinylpyrrolidone (PVP)-K30 was pur-
chased from Anhui Sunhere Pharmaceutical Excipients Co.,
Ltd. (Anhui, China). All other reagents were of analytical
grade and used without further purification.

Preparation of IND solid dispersions by hot melt extrusion

Hot melt extrusion was performed by using a laboratory
scale instrument (MiniCTW; Thermo Fisher Scientific, Ger-
many). For the binary system (IND-EEP), IND was extruded
with EEP at the ratio of drug to polymer of 4:1 (w/w) while
IND to PVP-K30 (IND-PVP) of same ratio was used as a
control. For the ternary system (IND-EEP-PVP), IND and
EEP were extruded with PVP-K30 together at which the ratio
of IND to EEP remained 4:1 (w/w) unchanged with various
amounts of PVP-K30. The temperature and speed of the
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extrusion were selected at 140°C and 30 rpm. Finally, the hot
melt extrudates (HMEs) were collected, allowed to cool,
milled using mortar, and screened through a 120 mesh sieve.

Preparation of Physical Mixtures (PMs) of IND-EEP HMEs
and PVP-K30

The IND-EEP HMEs (screened through a 120 mesh
sieve) were mixed gently yet homogenously with different
quantity of precipitation inhibitor PVP-K30 (sieved through a
120 mesh sieve). For well-distributed, PMs were sieved
through an 80 mesh sieve three times.

Differential Scanning Calorimetry (DSC)

DSC1/700 (Mettler-Toledo, Zurich, Switzerland) was
used to conduct DSC tests of IND, EEP, IND-EEP HME:s,
and PMs of IND and EEP. About 5 mg powder samples were
weighed into aluminum pans and heated from 25 to 200°C at
a heating rate of 10°C/min under a nitrogen atmosphere.

Powder X-ray diffraction (PXRD)

The physical states of IND, EEP, IND-EEP HMEs, and
PMs of IND and EEP were analyzed by X-ray diffractometer
(X’Pert PRO, PNAlytical, Netherlands). The Patterns were
obtained by means of a step width of 0.02°C with a detector
resolution in 26 between 5° and 45° at ambient temperature.

The precipitation inhibition of PVP-K30 in supersaturated
solution

The solvent shift method (33) was used to observe the
effect of PVP-K30 on drug precipitation in IND supersatu-
rated solution. Supersaturation was generated by adding
0.5 mL of IND solution (5 mg/mL in methanol) rapidly to
50 mL of media (0.1 N hydrochloric acid) with continuous
stirring at 37°C in a jacketed beaker. Different concentrations
of PVP-K30 were pre-dissolved in 0.1 N hydrochloric acid,
while the precipitation media without polymers was used as a
control. Meanwhile, drug concentrations in media were
measured as a function of time using UV-Vis spectrophotom-
eter coupled with an in situ fiber optic probe (AvaSpec-
ULS2048CL, Avantes, Holland). The difference in absor-
bance at 320 nm and extinction at 450 nm was calculated and
converted to concentrations using calibration curves (34).

Dissolution studies

The USP II dissolution apparatus (Tianda Tianfa Tech-
nology Co., Ltd., Tianjin, China) was used to monitor the
dissolution profiles of the powders of IND, IND-EEP HMEs,
IND-EEP PMs, IND-PVP HMEs, and IND-EEP-PVP
HMEs. Dissolution studies were carried out with samples
containing 25 mg IND in 900 mL 0.1 N hydrochloric acid at
37°C and 100 rpm with the USP rotating paddle method. 10
mL aliquot was removed and replaced with same fresh
dissolution medium at the predetermined intervals. The
aliquot was then passed through a 0.45 pm membrane filter,
and drug concentration in the aliquot was determined UV-
spectrophotometrically (New Century UV-Vis
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spectrophotometer T6, General Analysis Beijing General
Instrument Co., Ltd.) at 265 nm for IND. Additionally,
dissolution tests of IND-EEP HMEs in 0.1 N hydrochloric
acid solutions with different pre-dissolved PVP-K30 also were
performed at same methods. All dissolution tests were
performed in triplicates.

RESULTS AND DISCUSSION

Characterization of IND-EEP HMEs

Numerous researches about IND ASD have been
reported recently due to its excellent solubility promotion
ability. Compared with other carriers, EEP could significantly
enhance the dissolution rate of IND ASD in hydrochloric
acid, showing a typical “spring” effect with rapid initial
buildup of the drug supersaturation but subsequent precipi-
tation of the drug (29,35). And a higher supersaturation could
be achieved with an increase of EEP in such IND ASD (36).
However, Sun and Lee (37) proved that the high level of
supersaturation was not always good for drug dissolution as
the maximum achievable supersaturation of the amorphous
solids increased, the rate of concentration decline in the de-
supersaturation phase increased. Considering this, the ASD
with a low carrier content was prepared by hot melt extrusion
at the ratio of drug (IND) to polymer (EEP) of 4:1 (w/w).

Dissolution profiles of IND, PMs of IND and EEP (4:1,
w/w), and IND-EEP HMEs are presented in Fig. 1, from
which we could see that very few drugs were dissolved for the
sample of IND owing to the poor solubility (1.5 png/mL at pH
1.2) (31,34). After mixed with EEP, IND showed only a
negligible improvement of dissolution in PMs, which was
agree with the results reported by Prasad et.al (32). However,
similar to the earlier reports (29,35,36), IND-EEP HMEs
exhibited a rapid burst of drug dissolution to the maximum
drug concentration of 14.43 pg/mL at 5 min and subsequently
followed by a concentration decline triggered by the precip-
itation of dissolved IND. This suggested that EEP was an
effective dissolution-promoting agent but not an acceptable
precipitation inhibitor for IND ASD.

In order to explain the “spring” effect of drug dissolu-
tion, DSC and PXRD were used to verify the final physical
states of IND-EEP HMESs and compared with those of IND,
EEP, and IND-EEP PMs. As presented in Fig. 2, IND drug
substance exhibited a melting endotherm at 161.92°C and
EEP showed a Tg of 56.83°C. For IND-EEP PMs, the
endothermic peak was slightly moved to the left (160.33°C)
and became broader compared with IND (161.92°C), indi-
cating that IND and EEP had a molecular interaction in their
PMs with hydrogen bond between drug and polymer (32,38).
However, the presence of two slight peaks in IND-EEP
HME:s at 59.01°C and 151.69°C demonstrated that a small
quantity of incorporated drug was still in crystalline form at
such a high drug loading HMEs. And the movement of the
peak in IND-EEP HME:s suggested that there was a stronger
interaction between the IND and EEP compared with their
PMs.

PXRD patterns of IND, EEP, IND-EEP HMEs, and
IND-EEP PMs are displayed in Fig. 3. IND exhibited
characteristic peaks over the 26 range at 11.6°, 12.7°, 17.0°,
19.6°, 21.9°, 24.0°, 26.6°, 29.4°, 33.6°, 37.5° which showed a
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typical crystalline profile of y-polymorph and was in accor-
dance with previous studies (39,40), whereas EEP used in the
present study showed broad amorphous bands and IND-EEP
PMs showed same characteristic peaks with IND. As
expected, the characteristic peaks of IND-EEP HMEs at
17.0°,24.0°,29.4°, and 33.6° were evidently weaker than those
presented with IND-EEP PMs, demonstrating there were
partial amorphous drugs in IND-EEP HME:s.

Although Prasad et.al (32) reported the solid dispersion
of 90%IND and 10%EEP prepared by solvent evaporation
method could be amorphous completely, the DSC and PXRD
patterns in Figs. 2 and 3 show that a small part of drugs was
crystalline in INE-EEP HME:s. But it could be concluded the
vast majority of drugs in IND-EEP HMEs were amorphous
for there was still a striking “spring” effect of the dissolved
IND in dissolution profiles which came from the high-energy
state such as the amorphous form.

Effect of PVP-K30 on drug precipitation of supersaturated
solution

In order to reduce or eliminate the subsequent drug
precipitation, it is a common practice to employ suitable PI
acted as “parachute” to retard the decline of drug concentra-
tion. One of the most widely used PI is PVP due to its strong
precipitation inhibition, good biocompatibility, and low cost.
To study the inhibitory effect of PVP-K30 on IND precipita-
tion, the initial supersaturated concentration in solutions was
generated by adding 0.5 mL of 5 mg/mL IND methanolic
solution to 50 mL of precipitation medium. Concentration-
time profiles of supersaturated IND solution in the absence of
polymer as well as in the presence of pre-dissolved PVP-K30
with different concentrations are presented in Fig. 4. The
percentage of IND precipitated at 30 min, which was
calculated by the difference in initial IND concentration and
final concentration, is shown in Fig. 5.

In absence of PVP-K30 (No PVP-K30), IND precipitated
rapidly with the sharply dropping in concentration (Fig. 4)
attributed by the nucleation and the growth of crystals, in
which the concentration of IND decreased from 50 pg/mL to
7.7 ng/mL with the precipitation percentage of 81.42 +3.02%
in 30 min (Fig. 5). In the presence of pre-dissolved PVP-K30
with 0.7 pg/mL, there was no significant effect on drug
precipitation at such a low concentration with 81.94 +3.74%
IND precipitated in 30 min as shown in Fig. 5 (p>0.05,
compared with No PVP-K30). However, as the PVP-K30
increased to 2 pg/mL, the decline rate of dissolved IND
became mild (Fig. 4) and the percentage of precipitated IND
from supersaturated solution slightly decreased (63.89 +
4.36%) compared with the reference group without PVP-
K30 (p <0.05). With the further increase of the PI to 50 pg/
mL, it was obvious that PVP-K30 retarded the precipitation
rate of IND with only 27.57 +8.88% IND precipitated in
30 min. Unexpectedly, when the concentration of pre-
dissolved PVP-K30 in medium was further improved to
1 mg/mL, no distinct changes of concentration-time profiles
were observed compared to 50 pg/mL pre-dissolved PVP-K30
in medium with 38.00 +0.03% IND precipitated in 30 min
(» >0.05, compared with 50 pg/mL PVP-K30). The above
results indicated PVP-K30 was an effective precipitation
inhibition for IND. The presence of PVP-K30, even with a
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Fig. 1. Dissolution profiles of IND, IND-EEP PMs, and IND-EEP HMEs in 0.1 N hydrochloric

acid

very low concentration of 2 ng/mL, could have a significant
effect on drug precipitation inhibition. However, surplus pre-
dissolved PVP-K30 made no big difference, which meant no
further advance of the inhibiting ability was achieved.

Effect of PVP-K30 on drug dissolution of IND-EEP HMEs

Although the utilization of PVP-K30 could retard
precipitation and maintain supersaturation to produce ade-
quate drug absorption, the presence of PVP might affect drug
molecules to contact with water as well as the diffusion of
drug molecules, causing complicated influence of drug

dissolution. The dissolution tests of IND-EEP HMEs in
different pre-dissolved PVP-K30 were performed to investi-
gate the effect of PI on drug dissolution.

As shown in Fig. 6 (a), with low concentration of pre-
dissolved PVP-K30 at 2 or 10 pg/mL, PVP-K30 in medium
had no influence on initial accumulation of drug supersatura-
tion with comparison of the absence of PVP-K30. And the
IND concentration rapidly achieved the maximum of
14.45 pg/mL and 14.08 pg/mL at 5 min, respectively.
However, compared to the reference group of No PVP-K30,
the reduction rate of drug concentration in pre-dissolved
PVP-K30 of 2 and 10 pg/mL became slower after 5 min,
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Fig. 2. DSC curves of a IND, b EEP, ¢ IND-EEP PMs, and d IND-EEP HMEs
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Fig. 3. Powder X-ray diffractograms of a IND, b EEP, ¢ IND-EEP PMs, and d IND-EEP HMEs

which suggested that at such low concentrations PVP-K30 did
not impact initial drug release but interfered with drug
nucleation and/or crystal growth. When further increasing
the pre-dissolved PVP-K30 to 50 pg/mL in medium, the IND
concentration reached the plateau at 10 min and could be
sustained within an hour. This agreed with above results in
drug precipitation of solvent shift method, confirming that the
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PVP-K30 of 50 pg/mL in medium could strongly inhibit the
precipitation of IND supersaturated solution.

When further increasing the pre-dissolved PVP-K30 in
dissolution medium, there was a negative influence on drug
dissolution of IND-EEP HMEs as shown in Fig. 6 (b).
Although the concentration decline disappeared in the
presence of pre-dissolved PVP-K30 at 0.5, 1.0, 5.0 mg/mL,
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Fig. 4. Concentration-time profiles of supersaturated IND solution in the absence of polymer as

well as in the presence of pre-dissolved PVP-K30
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Fig. 5. Effect of PVP-K30 concentration on IND precipitation in supersaturated solution in 30 min.
*_ Statistically different (p <0.05) from the reference group without PVP-K30 (No PVP-K30)

the initial buildup of drug supersaturation became slower and
the plateau concentration became lower with the concentra-
tion of PVP-K30 increased, which led to a stronger hindrance
to drug dissolution.

As previous studies about effect of PI on drug precipi-
tation process reported (11,21,41,42), PI can act by numerous
possible mechanisms to retard drug precipitation including:
(1) nucleation interference; (2) enhancement of viscosity to
limit diffusion through the diffusion layer from the supersat-
urated bulk to the crystal solid surface during crystal growth;
(3) adsorption onto the crystal surface to affect the integra-
tion of drug molecules into the crystal. Among these, PVP-
K30 as an effective PI can adsorb onto IND crystal surfaces
providing an interfacial barrier for crystal growth (25).
However, the drug dissolution profile is the macroscopic
reflection of two radical processes, dissolution, and

—e— NO PVP
a —&—2 ug/ml
. —a— 10 pg/ml
184 —¥— 50 pg/ml
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precipitation, which may occur at the same time. Despite of
a great inhibitory effect on drug precipitation, the surplus
addition of PVP-K30 possibly affect the drug diffusion from
particle surface to bulk medium, resulting in negative impact
on the drug dissolution rate.

Effect of mixing PVP-K30 with IND-EEP HMEs on drug
dissolution

Above results confirmed that the presence of pre-
dissolved PVP-K30 in medium had significant impact on drug
dissolution besides playing a crucial role in the inhibition of
drug crystallization and precipitation, so different proportion
of PMs with IND-EEP HMEs and PVP-K30 were prepared
to investigate the effect of PI in SDDS on drug dissolution.

—v—50 pg{ml.
b —<— 0.5 mg/ml
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Fig. 6. Dissolution profiles of IND-EEP HMEs in the absence and presence of pre-dissolved PVP-K30 in dissolution medium



AAPS PharmSciTech (2020) 21: 107

As shown in Fig. 7, when 1% PVP-K30 was added in
PMs (HMEs-PVP 5:0.05 PMs), the decrease of IND concen-
tration after 5 min became much slower than that of IND-
EEP HMEs, suggesting that PVP-K30 was an effective PI
which made obvious inhibitory effect even at such a small
amount. But there was still a tendency of drug decline in
HMEs-PVP 5:0.05 PMs in an hour. While PVP-K30 in PMs
increased to 2% (HMEs-PVP 5:0.1 PMs), a high supersatu-
rated concentration of 13.10 pg/mL was achieved in 10 min
and sustained for an hour without any decline. Interestingly,
when PVP-K30 further increased to 9 and 17%, that was
HMEs-PVP 5:0.5 PMs and HMEs-PVP 5:1 PMs, the maxi-
mum achieved concentration was reduced significantly com-
pared to 5:0.1 PMs, with 10.81 pg/mL and 8.99 pg/mL at an
hour, respectively. All of these results illustrated that
although PVP-K30 showed an excellent effect of precipitation
inhibition, the drug dissolution rate was undoubtedly hin-
dered with PVP-K30 increased in PMs, which confirmed that
PI had opposed effects of drug dissolution and precipitation
with the quantity dependence. .

Moreover, compared dissolution profiles of pre-dissolved
PVP-K30 (Fig. 6) with those of HMEs-PVP PMs (Fig. 7), it
was worth noting that the amount of PVP-K30 added in PMs
was much lower than that of pre-dissolved in medium with
the similar effect on dissolution and precipitation. For
instance, HMEs-PVP 5:0.05 PMs had an almost same
dissolution profile with that in the presence of pre-dissolved
PVP-K30 of 10 pg/mL, while HMEs-PVP 5:0.1 PMs was same
as in the presence of pre-dissolved PVP-K30 of 1 mg/mL.
Assuming that PVP-K30 in HMEs-PVP 5:0.05 PMs and
HMEs-PVP 5:0.1 PMs was completely dissolved in medium,
concentrations of PI were 0.35 pg/mL and 0.7 pg/mL in bulk,
respectively. As mentioned above (Fig. 4), at such low
concentrations PVP-K30 did not show obvious effect of
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precipitation inhibition. However, the reduction rate of
dissolved IND in HMEs-PVP 5:0.05 PMs was much slower
than that of IND-EEP HMEs after 5 min. And the
precipitation of supersaturated IND solution was completely
inhibited during the dissolution of HMEs-PVP 5:0.1 PMs for
no decline of IND concentration was observed. A rational
explanation might be the local concentration of PI surround-
ing the drug particles was higher in the system of HMEs-PVP
PMs.

In order to explain the behavior of drug molecules in the
medium, the following steps including dissolution and precip-
itation can occur in HMEs-PVP PMs (Fig. 8): (1) Drug
particles are wetted with the medium and dissolved, forming
the dissolution diffusion layer. (2) Dissolved drug molecules
are diffused through the layer to the bulk medium (43). (3)
The accumulation of drugs in bulk medium reaches the
supersaturated concentration as well as the formation of
critical nuclei (27). (4) To form larger crystals from critical
nuclei, the dissolved drug molecules diffuse from bulk to the
crystal growing interface. (5) The dissolved drug molecules
incorporate into the crystal lattice, causing the growth of
crystals and drug precipitation (18,26). PVP-K30 as a
sensitive PI could impede the step (5) of crystals growth by
adsorbing on surface of IND crystals (25,28,44), which led to
sustained supersaturation even at low concentration of PVP-
K30. When PVP-K30 was increased in SDDS, the step (2) of
diffusion in dissolution process was hindered due to enhanced
viscosity of diffusion layer, causing a dramatic reduction of
drug dissolution rate. Therefore, although the addition of
PVP-K30 could reduce the precipitation from supersaturated
solution, the dissolution rate was also reduced at the same
time resulting from the decrease of diffusion in step (2).
When the rate of drug dissolution was reduced to the level of
precipitation, the plateau concentration was maintained

—&— IND-EEP HMEs

—&— HMEs-PVP 5:0.05 PMs
—&— HMEs-PVP 5:0.1 PMs
—¥— HMEs-PVP 5:0.5 PMs
—<4— HMEs-PVP 5:1 PMs

10 H

IND C (pg/ml)
o
1

0 20

40 60

time (min)
Fig. 7. Dissolution profiles of different PMs of IND-EEP HMEs and PVP-K30 in 0.1 N

hydrochloric acid
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which was decreased when the amount of PVP-K30 increased
as shown in Figs. 6 and 7.

Dissolution studies of ternary IND-EEP-PVP HMEs

To investigate the opposed effect of PVP-K30 on the
dissolution further, the ternary systems of IND, EEP, and
PVP-K30 were prepared by hot melt extrusion with the ratio
of 4:1:0.01, 4:1:0.05, and 4:1:1 (w/w/w, IND-EEP-PVP). The
results of dissolution profiles of ternary IND-EEP-PVP
HME:s in 0.1 N hydrochloric acid are presented in Fig. 9,
from which we could see the decline of IND concentration
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disappeared completely in all ternary HMEs. Compared to
PMs of IND-EEP and PVP-K30 at the same ratio, all of the
ternary HMEs showed a much lower dissolution rate. When
PVP-K30 in ternary HMEs was more than 1% (IND-EEP-
PVP 4:1:0.05 and 4:1:1 HMEs), the dissolved IND was
increased slowly with the concentration below 6 pg/mL in
an hour. When PVP-K30 in ternary HMEs was decreased to
0.2% (IND-EEP-PVP 4:1:0.01 HME:s), the drug dissolution
was obviously improved with a concentration of 7.66 pg/mL
at 5 min and then maintained the level without the trend of
decline. This suggested that co-extrusion of PVP-K30 with
IND and EEP strengthened the opposed effects on drug
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Fig. 9. Dissolution profiles of ternary IND-EEP-PVP HME:s in 0.1 N hydrochloric acid
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dissolution and precipitation due to a higher local concentra-
tion of PI surrounding the drug particles.

CONCLUSION

The presence of PI in a SDDS can successfully retard
the precipitation process by interfering with nucleation
and/or crystal growth of the drug molecules in a high-
energy sate, generating a sustained supersaturating con-
centration. However, the unexpected changes in drug
dissolution from SDDS caused by PI have barely been
studied, which may challenge the therapeutic effect of the
drugs. The present study comprehensively investigated
such changes of drug dissolution caused by adding PI
(PVP-K30) to an ASD of IND and EEP produced by hot
melt extrusion. It was found that although PVP-K30 was
an excellent PI to control the precipitation of IND
supersaturated solution, it did negatively impact the
dissolution of IND with a behavior of PVP quantity
dependence in the situations of pre-dissolved PVP-K30
solution, powder mixing of PVP-K30 with the IND-EEP
extrudates or ternary IND-EEP-PVP extrudates. Interest-
ingly, co-extrusion of PVP-K30 with IND and EEP
deteriorated the dissolution behavior of extrudates as a
result of strengthened impediment on drug dissolution and
precipitation for a higher local concentration of PI
surrounding the drug particles. To take full advantages
of SDDS for overcoming the problem of solubility-limited
oral bioavailability, more research is needed to fully and
in-depth understand the impact of PI on dissolution,
crystallization, and precipitation of drug molecules in
SDDS, providing theoretical basis for the rational design
and development of SDDS for poorly water-soluble drugs.
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