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ABSTRACT

Objective: The objective was to evaluate the polymers effects on solubility, solubilization capacity
and dissolution of films in biorelevant media, thus, to understand the main mechanism underlaying
RTN’s negative food effect.

Material and Method: Amorphous films were prepared with various polymers via solvent-casting
method, then solubility, solubilization capacity and dissolution studies were performed in
biorelevant media (FeSSIF-V2 and FaSSIF-V2) and maleic acid buffers (pH 5.8 and 6.5).

Result and Discussion: Polymer rank-order to increase RTN solubility in FeSSIF-V2 was
SoluPlus>EudragitS100>PVPVA=PEG6000>HPMCAS-L. For FaSSIF-V2, only EudragitS100,
SoluPlus and PVP-VA increased RTN solubility. Solubilization capacity studies showed that RTN
release was higher for 20% drug loaded films than for 40% for all polymers except for HPMCAS H
in FeSSIF-V2, and for HPMCAS-H and HPMCAS-L:H in FaSSIF-V2. In FeSSIF-V2, dissolution
studies showed that RTN films from HPMCAS-L and PVP-VA provided higher RTN release
compared to other polymers in early time points. AUC o120 miny in FaSSIF-V2 media was 9.0-fold,
8.3-fold, 5.9-fold, and 5.0-fold higher for SoluPlus, HPMCAS-L, PVPVA and HPMCAS-L:H,
respectively, compared to crystalline RTN. Although, RTN'’s negative food effect, which was not
replicated here in vitro, may be due to more complex interactions between drug, polymer, and food
in vivo than simulated here using FeSSIF-V2 and FaSSIF-V2.
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Amag: Polimerlerin, biyouyumlu ortamlarda filmlerin ¢oziiniirliigii, ¢oziinme kapasitesi ve
¢oziinmesi tizerindeki etkilerinin degerlendirilmesi ve béylece yiyeceklerin RTN tizerindeki olumsuz
etkisinin altinda yatan temel mekanizmanin anlagiimast amaglanmustir.

Gerec ve Yontem: Cesitli polimerlerle ¢oziicii-dokme yontemi ile amorf filmler hazirlanmistir,
daha sonra biyouyumlu ortamlarda (FeSSIF-V2 ve FaSSIF-V2) ve maleik asit tamponlarinda (pH
5.8 ve 6.5) ¢oziiniirliik, ¢oziinme kapasitesi ve ¢oziinme hizi ¢alismalar gergeklestirilmigtir.

Sonu¢ ve Tartisma: FeSSIF-V2'de RTN ¢oziiniirliigiinii artirmak i¢in polimer siralamasi
SoluPlus>Eudragit S100>PVPVA=PEG6000>HPMCAS-L 'dir. FaSSIF-V2 i¢in sadece Eudragit

S100, SoluPlus ve PVPVA RTN c¢oziiniirliigiinii artirmistir. Coziiniirliik kapasitesi ¢calismalari, RTN
salimminin FeSSIF-V2'de HPMCAS-H hari¢ ve FaSSIF-V2'de HPMCAS-H ve HPMCAS-L:H hari¢
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tiim polimerler i¢in %20 ilag yiiklemeye sahip filmlerde %40'tan daha yiiksek oldugunu gostermigtir.
FeSSIF-V2'de ¢oziinme ¢alismalar, HPMCAS-L ve PVPVA'dan elde edilen RTN filmlerinin erken
zaman noktalarinda diger polimerlere kiyasla daha yiiksek RTN salimmi sagladigim géstermistir.
FaSSIF-12 ortamindaki AUC (0120 a) strasiyla SoluPlus, HPMCAS-L, PVPVA ve HPMCAS-L:H i¢in
kristal RTN ile karsilastirildiginda 9.0 kat, 8.3 kat, 5.9 kat ve 5.0 kat daha yiiksek bulunmustur.
Bununla birlikte, bu ¢alismada in vitro olarak goriilmeyen RTN'nin negatif yiyecek etkisi, burada
FeSSIF-V2 ve FaSSIF-V2 kullanilarak simiile edilenden daha karmasik ilag, polimer ve yiyecek
etkilegsimlerinden kaynaklaniyor olabilir.

Anahtar Kelimeler: Biouyumlu ortam, film, ritonavir, yiyecek etkisi

INTRODUCTION

Ritonavir (RTN) is an anti-HIV protease inhibitor and antiretroviral medication to treat human
immunodeficiency virus / acquired immunodeficiency syndrome (HIV/AIDS) and especially Covid-19
infection. Norvir is the RTN marketed brand product in the form of tablets (100 mg strength), powder
(100 mg strength) and solution (80 mg/ml). Norvir tablets and powder are amorphous solid dispersions
(ASD) of RTN prepared via hot melt extrusion (HME) of RTN and the polymer
polyvinylpyrrolidone/vinyl acetate (PVPVA) in the treatment of AIDS and HIV. Polymer-enabled drug
supersaturation is generally a significant contributor to ASD-enhanced oral drug absorption [1,2]. The
tablet and powder formulations are bioequivalent in the fasting state [3,4]. In several other tablet
products, such as Paxlovid, RTN functions to boost other drugs via the inhibition of cytochrome P450
3A. All oral solid dosage forms of RTN employ PVPVA in ASD fabrication [5].

RTN is a high lipophilic, Biopharmaceutics Classification System (BCS) Class Il drug [6]. Its
solubility decreases with pH due to RTN being weakly basic. Its low solubility limits its intestinal
absorption and oral bioavailability. After a single oral dose of RTV to healthy volunteers (600 mg),
plasma half-life (ti/2) is 3-5 h, and maximum plasma concentration (Cmax) is 11.2 pg/ml. The fraction of
dose absorbed from a 600 mg dose was estimated to be in the range of 60 to 80% [7,8].

In general, BCS Class Il drugs with incomplete drug absorption in the fasted state can be expected
to exhibit a positive food effect [9]. Indeed, RTN oral pharmacokinetics is affected by meal content [3].
However, interestingly, for both RTN powder and tablets, which are both amorphous formulations, there
is about a 20% reduction in AUC and a 23—40% reduction in Cmax in humans under the fed state as
compared to the fasting state [10,11]. A slight difference in Tmax iS consistent with delayed gastric
emptying following a meal [3]. While RTN drug substance in vitro solubility in the fed state is higher
than the fasted state, its oral bioavailability is lower in fed state. This perhaps surprising negative food
effect of Norvir tablets in humans has been attributed to the higher luminal fluid viscosity (and hence
lower drug diffusivity) in the fed state, as well lower drug free fraction and hence lower gut wall
permeation rate [12]. Alternatively, we hypothesize that the negative food effect is due to food reducing
the PVPVA’s ability to maintain RTN supersaturation in fed state compared to fasted state, but that
other polymers are less prone to this effect.

The objective was to assess the impact of the fed state on RTN supersaturation from RTN ASD.
Fed and fasted states were simulated in vitro using the biorelevant media Fed State Simulated Intestinal
Fluid-Version 2 (FeSSIF-V2) and Fasted State Simulated Intestinal Fluid-Version 2 (FaSSIF-V2) [13].
RTN ASDs were fabricated as films, using a range of different polymers, including PVPVA as a control.
In vitro dissolution of films and other tests were conducted in FeSSIF-V2 and FaSSIF-V2, in order to
measure food effect on ASD supersaturation effect. This evaluation of multiple competing polymers
was designed to identify a polymer that, unlike PVPVA, would not exhibit a negative food effect.

MATERIAL AND METHOD

Materials

RTN was obtained from ChemShuttle (Blue Current Inc., Hayward,CA). SoluPlus® and
Kollidon®VA 64 (PVPVA) were provided by BASF (Ludwigshafen Germany). PEG-6000
(Polyethylene glycol-6000) was provided by Affymetrix (Cleveland, OH USA). HPMCAS L and
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HPMCAS H (Hypromellose acetate succinate L and H grades) were provided by Ashland (Covington,
KY USA). Eudragit S100 (Methyl methacrylate copolymer) was provided by Evonik (Piscataway, NJ
USA). Methanol and dichloromethane (analytical grade) were purchased from Fischer Scientific
(Fischer Scientific; Hampton, NH USA) and Sigma Aldrich (Sigma-Aldrich; St. Louis, MO USA).

Preparation of RTN-Containing Films

RTN films were prepared using seven different polymer systems (PEG-6000, PVPVA, SoluPlus,
Eudragit S100, HPMCAS H, HPMCAS L and 1:1 combination (i.e. equal weight) of HPMCAS L:
HPMCAS H). Polymers and RTN (to target 20% or 40% drug load) were solved in mixture of
dichloromethane and methanol (2:1 w/w). Total solids content (i.e sum of RTN and polymer) of
solutions was 10% w/w (i.e. 0.5 g RTN and polymer in 5 g solution), which aided films to have the same
thickness. The solution (5 g) was poured into an aluminum dish (57 mm diameter). Solvent was
evaporated at 25+2°C for 45 min. Film on dish was then placed into a desiccating cabinet (RH<5%) for
24 h. After 24 h, the dried films were triturated and milled into flakes [14]. Same solvent casting method
was also applied on RTN, without polymer. Only the required amount of RTN (according to 20% or
40% drug load of films) were solved in the organic solvent without polymer. Then the effects of the
polymers were evaluated compared to the no polymer. RTN was still in crystalline form after application
of solvent casting.

Preparation of Biorelevant Media

The compositions of the biorelevant media are given in Table 1. FaSSIF-V2 and FeSSIF-V2 were
prepared per vendor instructions [15]. To prepare 1.5 | of FeSSIF-V2 (pH 5.8), 4.905 g of NaOH pellets,
9.585 g of maleic acid and 11.00 g of NaCl were weighed as buffer components. Then, approximately
1.35 | of distilled water was added to the buffer components. After dissolving, the solution was adjusted
to pH 5.8 with 1 M NaOH solution, and water was added to make up volume (1.5 I). Then, the 14.64 g
of FeSSIF-V2 powder from Biorelevant.com was weighted and dissolved in the buffer component
solution.

Table 1. FeSSIF-V2 and FaSSIF-V2 compositions

Component Fa.SSIF-VZ ' FeSSIF-VZ )
Concentration (or attribute) Concentration (or attribute)
Sodium taurocholate 3 mM 10 mM
Lecithin 0.2 mM 2 mM
Glyceryl monooleate - 5mM
Sodium oleate - 0.8 mM
Maleic acid (MA) 19 mM 55.02 mM
NaOH 34 mM 81.65 mM
NaCl 69 mM 125.5 mM
HCI1 /NaOH conc. gs ad pH 6.5 pH 5.8

To prepare the 0.25 | of FaSSIF-V2 (pH 6.5), 0.348 gr of NaOH pellets, 0.555 g of MA and 1.002
g of NaCl were weighted as buffer components. 0.225 | of distilled water was added and stirred until
dissolved. pH was adjusted to 6.5, and then the volume was made up to 0.250 | with distilled water. This
buffer solution was poured onto the weighted FaSSIF-V2 powder and stirred until dissolved. All media
were stored at 4°C to equilibrate before using [16].

Solubility Studies

RTN solubility was measured in maleic acid buffer (pH 5.8), maleic acid buffer (pH 6.5), FaSSIF-
V2 (pH 6.5), and FeSSIF-V2 (pH 5.8), each with and without 2 mg/ml of film polymer (i.e. each PEG-
6000, PVPVA, SoluPlus, Eudragit S100, HPMCAS H, HPMCAS L and HPMCAS L: HPMCAS H). An
excess amount of RTN (0.5mg/ml) was added to 50 mM maleic acid buffer (pH 5.8 or pH 6.5), FeSSIF-
V2 (pH 5.8) and FaSSIF-V2 (pH 6.5), without and with 2 mg/ml polymer. Samples were equilibrated at
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37°C for 72 hours in an orbitally shaken water bath. pH was checked after 72 h. After centrifugation,
samples were filtered using a 0.22 pm membrane filter, and the amount of RTN was analyzed by HPLC.

Solubilization Capacity of Films

Prepared films with 20% (w/w) drug load (i.e. 20:80 ratio of drug:polymer; 12.5 mg which
contained 2.5 mg of RTN) and films with 40% (w/w) drug load (i.e. 40:60 ratio drug:polymer; 12.5 mg
which contained 5 mg of RTN) were incubated at 37°C for 1 h in 5 ml of FaSSIF-V2 or FeSSIF-V2.
Sample was filtered via 0.22 pm membrane filter. The RTN solubilization capacity of the films, which
differed in polymer component, was determined using HPLC.

Film Dissolution into Biorelevant Media

Films were subjected to USP I dissolution testing, with sample replacement. USP Il apparatus
(SR8PLUS, Hanson Research; Chatsworth CA) was used. USP Il dissolution testing on each film
formulation (n=3) used 900 ml of FeSSIF-V2 (pH 5.8) and FaSSIF-V2 (pH 6.5) at 37°C at 100 rpm for
6 h. Two ml samples were taken at the determined time points (0, 5, 10, 20, 30, 45, 60, 90, 120, 180,
240 and 360 min) and then filtered through a 0.45 mm membrane filter. Two ml of fresh dissolution
media was added to the dissolution vessel to keep dissolution volume constant. USP Il dissolution testing
yielded RTN mass dissolved profile. Drug was quantified using HPLC method and the dissolution
profiles were compared via comparing area under the dissolution curve (AUC) values.

Quantification of Ritonavir by HPLC

RTN concentration was determined via Waters 2489 HPLC system (Waters Corporation; Milford,
MA USA). An isocratic mobile phase consisting of 53% phosphoric acid and 47% acetonitrile solution
and a 4.6 x 150 mm Zorbax C18 5-um HPLC column were used [17]. The injection volume and flow
rate were 25.0 pl and 1 ml/min, respectively. The UV-vis detector was set to 240 nm [17,18]. The
retention time of RTN was 9-10 min, with a 13 min run time. A calibration curve containing a range of
0.098-50 pg/ml RTN was run in triplicate with each analysis (1> = 0.9999). For solubility and
solubilization capacity studies, the calibration curves were obtained for each media, which were maleic
acid buffer (pH 5.8 and 6.5), FaSSIF-V2, and FeSSIF-V2, separately. The standard samples were
obtained from the stock solution of RTN in methanol (1 mg/ml) by diluating 1:9 ratio with the solubility
media. The standard solutions obtained for each media were diluted with mobile phase to prepare the
0.098-50 pg/ml concentrations.

Statistical Analysis

Data was analyzed using SPSS database Version 16 (Systat Software Inc., San Jose, CA USA).
The statistical analysis of variance (ANOVA) was carried out at the 95% confidence level (n = 3). A
comparison variance analysis ANOVA test followed by Tukey’s post hoc testing was used to compare
multiple groups. The t-test was used to compare two groups. Results were given as mean + standard
error of mean (SEM) (n = 3).

RESULT AND DISCUSSION
Evaluation of RTN Solubility

An increase in RTN solubility in both the fed and fasted states may be a way to mitigate the
negative food effect of Norvir tablets and powder, which as RTN ASDs using PVPVA. To improve
RTN solubility, the effect of different polymers (HPMCAS L, HPMCAS H, HPMCAS L:H, SoluPlus,
PVPVA, PEG-6000 and Eudragit S100) was evaluated in FeSSIF-V2 (pH 5.8), and FaSSIF-V2 (pH
6.5). Moreover, to see the effect of the surfactant in FeSSIF-V2 (sodium taurocholate, lecithin and
glyceryl monooleate, sodium oleate) and FaSSIF-V2 (sodium taurocholate, lecithin), biorelevant
solubilities were compared to solubilities in each pH 5.8 and pH 6.5 buffers (Table 2 and Table 3).

Table 2 lists solubility results in buffer (pH 6.5) and FaSSIF-V2. RTN solubility was 2.99 uM
(2.16+0.23 pg/ml) in maleic acid buffer (pH 6.5). Xu et al. found a similar solubility of about 2 pg/ml
at pH 6.8 [10]. Table 3 lists the solubility results in buffer (pH 5.8) and FeSSIF-V2. RTN solubility in
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the maleic acid buffer (pH 5.8) was 3.24 uM (2.34+0.02 pg/ml). RTN’s lower solubility at higher pH
reflects RTN being a weakly basic drug with pKa values of 1.8 and 2.6 [19-21]. RTN has a high aqueous
solubility at pH < 1 and an extremely low solubility at pH 4—7 [10].

Table 2. RTN solubility in 50 mM maleic acid buffer (pH 6.5) and FaSSIF-V2 with and without
polymer. When polymer present, polymer concentration was 2 mg/ml. pH = 6.5 in all media. Mean +
SE from n=3

. - Fold-enhancement
Media (pH 6.5) Solubility (uM) compared to no polymer
Maleic acid buffer (MA) (no polymer) 2.99+0.33 -
MA (pH 6.5) + HPMCAS L 2.92+0.18 0.989+0.078
MA (pH 6.5) + HPMCAS H 1.34+0.33 0.481+0.173
MA (pH 6.5) + HPMCAS L:H (1:1) 1.08+0.05 0.36540.030
MA (pH 6.5) + Soluplus 8.8942.63 3.13+0.96
MA (pH 6.5) + PVPVA 2.96+0.11 1.00+0.074
MA (pH 6.5) + PEG-6000 2.75+0.13 0.931+0.064
MA (pH 6.5) + Eudragit S100 12.340.5 3.5940.98
FaSSIF-V2 (no polymer) 4.25+0.24 -
FaSSIF-V2 + HPMCAS L 3.96+0.27 0.9340.12
FaSSIF-V2 + HPMCAS H 1.35+0.05 0.315+0.030
FaSSIF-V2 + HPMCAS L:H (1:1) 1.20+0.13 0.284+0.049
FaSSIF-V2 + Soluplus 11.04+0.3 2.56+0.79
FaSSIF-V2 + PVPVA 4.40+0.19 1.03+0.11
FaSSIF-V2 + PEG-6000 4.174+0.25 0.9840.12
FaSSIF-V2 + Eudragit S100 15.3+0.5 3.56+0.14

In FeSSIF-V2 and FaSSIF-V2, RTN solubility increased about 5-fold and 1.5-fold, respectively,
compared to the buffer media. Solubility was higher in the fed state (15.8 uM; 11.374+0.42 pg/ml) than
the fasted state (4.25 uM; 3.06+0.18 pg/ml), similar to literature [22,23]. Xu et al. found RTN solubility
was 7.4+1.1 pg/ml in FaSSIF-V2 and 18.5+1.9 ug/ml in FeSSIF-V2 [10]. Kokott et al. reported RTN
solubility in FaSSIF was 5.4+0.6 ug/ml [23].

The effects of polymers, which were used to prepare the amorphous films of RTN, on RTN
solubility in buffer and biorelevant media were also evaluated. In buffer (pH 6.5), only SoluPlus (3.1-
fold increase) and Eudragit S100 (3.6-fold increase) increased RTN solubility. In maleic acid buffer (pH
5.8), only SoluPlus materially impacted solubility, where RTN solubility increased about 5-fold with
SoluPlus. In FaSSIF-V2, Soluplus and Eudragit S100 increased RTN solubility 2.6-fold and 3.6-fold,
respectively, compared to no polymer. In FeSSIF-V2, SoluPlus and Eudragit S100 increased the
solubility the most (i.e. 2.1-fold, and 1.7-fold, respectively) compared to no polymer.

Polymers tended to have more complex effects on drug solubilization in biorelevant media than
in buffer, particularly in FaSSIF-V2. Most polymers slightly increased RTN solubility in FeSSIF-V2,
where SoluPlus, Eudragit S100, and PVPVA performed the best across both biorelevant media.
However, in FeSSIF-V2 and FaSSIF-V2, HPMCAS H and HPMCAS L:H (1:1) reduced RTN solubility.

Polymer rank-order to increase RTN solubility in FeSSIF-V2 was SoluPlus> Eudragit S100>
PVPVA= PEG6000 > HPMCAS L. For FaSSIF-V2, only Eudragit S100, SoluPlus and PVPVA
increased RTN solubility and the order was Eudragit S100 > SoluPlus >PVPVA. Similar results were
previously obtained in media containing polyoxyethylene (10) lauryl ether (POE10), where SoluPlus
performed the best [14]. SoluPlus may function as a surfactant to form RTN-loaded micelles to increase
drug solubility [24]. Eudragit S100 is highly soluble at higher pH [25,26], so it was more effective here
in pH 6.5 than pH 5.8. Interestingly, HPMCAS H (and HPMCAS L:H combination) decreased RTN
solubility, in contrast with grade L’s enhancement of solubility. Compared to HPMCAS L, HPMCAS
H has a higher ratio of acetyl substitution to succinoyl substitution. Hence, HMPCAS H is more
lipophilic and has less of an ionizable character than HPMCAS L [14,27].
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Table 3. RTN solubility in 50 mM maleic acid buffer (pH 5.8) and FeSSIF-V2 with and without
polymer. When polymer present, polymer concentration was 2mg/ml. pH = 5.8 in all media. Mean + SE
from n=3.

. Solubility Fold-enhancement pH and Food effect

Media (pH 5.8) (uM) compared to no polymer (fed / fasted)
Maleic acid buffer (MA) (no polymer) 3.24+0.02 - 1.11£0.12
MA (pH 5.8) + HPMCAS L 4.244+0.14 1.31+0.04 1.46+0.01
MA (pH 5.8) + HPMCAS H 2.96+0.10 0.914+0.032 2.49+0.56
MA (pH 5.8) + HPMCAS L:H (1:1) 3.38+0.08 1.04+0.02 3.14+0.11
MA (pH 5.8) + Soluplus 15.6£1.1 4.744+0.31 2.13+0.79
MA (pH 5.8) + PVPVA 4.46+0.19 1.37+0.05 1.51+0.02
MA (pH 5.8) + PEG-6000 4.04+0.14 1.25+0.04 1.47+0.02

MA (pH 5.8) + Eudragit S100 3.23+£0.14 0.994+0.032 0.360+0.103
FeSSIF-V2 (no polymer) 15.8+0.6 - 3.70+0.40
FeSSIF-V2 + HPMCAS L 20.24+0.9 1.28+0.04 5.12+0.15
FeSSIF-V2 + HPMCAS H 12.6+0.4 0.801+0.057 9.38+0.66
FeSSIF-V2 + HPMCAS L:H (1:1) 13.6+0.8 0.861+0.033 11.5+0.80
FeSSIF-V2 + Soluplus 32.9+7.3 2.08+0.44 3.20+0.36
FeSSIF-V2 + PVPVA 23.5+0.5 1.49+0.03 5.35+0.14
FeSSIF-V2 + PEG-6000 23.3+0.3 1.48+0.04 5.62+0.32
FeSSIF-V2 + Eudragit S100 26.8+2.8 1.71+0.20 1.74+0.14

In Table 3, pH and food effect results are listed. pH and food effect compare RTN solubility in
Table 3 (i.e. fed state or pH 5.8 buffer, with or without polymer) against the corresponding RTN
solubility in Table 2 (i.e. fasted state or pH 6.5 buffer, with or without polymer). A lower food effect
was observed with SoluPlus (3.2-fold) and Eudragit S100 (1.7-fold), in part due to these polymers
having provided greatest solubility enhancement in FaSSIF-V2. The food effect was about 5-6 fold with
PVPVA, PEG-6000, HPMCAS L. The highest food effect was observed with HPMCAS H and
HPMCAS L:H polymer, in part due to these polymers having reduced RTN solubility in FaSSIF-V2.

Evaluation of Solubilization Capacity

Figure 1 and 2 show the solubility capacity results of films having 20% and 40% drug loads in
FeSSIF-V2 and FaSSIF-V2, respectively. The percentage RTN release from film after 1 h was assessed
as the solubilization capacity of the film. In Figure 1, only about 0.6% of RTN was released in the
absence of polymer (i.e. from crystalline RTN). Overall, in Figure 2, release in FeSSIF-V2 was higher
for 20% drug load (panel a) than for 40% drug load (panel b) for all polymers except HPMCAS H. For
20% of drug loaded films, RTN % release was 38.4% with SoluPlus, 5.2% with HPMCAS L, 4.9% with
HPMCAS L:H, 2.1% with PVPVA, 1.9% with PEG-6000, 0.6% with HPMCAS H, and 0.2% with
Eudragit S100. So, there was 68-fold, 9.3-fold, 8.8-fold, 3.8-fold, and 3.4-fold increase with SoluPlus,
HPMCAS L, HPMCAS L:H, PVPVA, and PEG-6000 compared to without polymer (i.e. 0.6% release).
HPMCAS H and Eudragit S100 did not increase solubilization capacity (Table 4). RTN % release in
FeSSIF-V2 from films with 40% drug load are shown in Figure 4 panel b. Percent release was 2.2%
with SoluPlus, 1.8% with HPMCAS L, 2.0 % with HPMCAS L:H, 1.3% with PVPVA, 0.9% with PEG-
6000, 1.9% with HPMCAS H, and 0.07% with Eudragit S100. So, there was 3.9-fold, 3.6-fold, 3.1-fold,
2.3-fold, 1.9-fold, and 1.6-fold increase with SoluPlus, HPMCAS L:H, HPMCAS L, PVPVA, HPMCAS
H, and PEG-6000 compared to without polymer (i.e. 0.6% release). Only Eudragit S100 did not increase
the solubilization capacity (Table 5).
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Figure 1. The solubilization capacity of the films contains 20% (a) and 40% (b) drug load of RTN
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films in FeSSIF-V2. Values are percent RTN dissolved after 1 h, out of 2.5 mg RTN (a) and out of 5
mg RTN (b). 12.5mg of film was tested. Each panel shows two plots with differing extents of RTN

release, to facilitate comparisons across polymers and drug loads

Figure 2 plots the solubilization capacity of films in FaSSIF-V2. Only about 0.3% of RTN was
released in the absence of polymer (i.e. from crystalline RTN). Like FeSSIF-V2, release was higher for
20% drug load (panel a) than for 40% drug load (panel b) for all polymers except HPMCAS H and
HPMCAS L:H. For films having 20% drug load, RTN %release was 1.5% with SoluPlus, 1.0% with
HPMCAS L (17.1+0.02 pg/ml), 0.4% with HPMCAS L:H, 2.3% with PVPVA (38.6+0.03 pg/ml), 1.4%
with PEG-6000, 0.8% with HPMCAS H, and 0.09% with Eudragit S100.
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Figure 2. The solubilization capacity of films contains the 20% (a) and 40% (b) drug load of RTN

films in FaSSIF-V2. Values are percent RTN dissolved after 1 h, out of 2.5 mg RTN (a) and out of 5

mg RTN (b). 12.5 mg of film was tested. Each panel shows two plots with differing extents of RTN

release, to facilitate comparisons to FeSSIF-V2 in Figure 1
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There was 7.7-fold, 5.0-fold, 4.8-fold 3.4-fold, 2.5-fold, and 1.2-fold increased with PVPVA,
SoluPlus, PEG-6000, HPMCAS L, HPMCAS H, and HPMCAS L:H compared to without polymer (i.e.
0.3% release) (Table 4). Only Eudragit S100 did not increase solubilization capacity. Findings here were
like literature, where RTN solubilization from 20% drug loaded ASDs was about 30-35 pg/ml with
PVPVA and about 10-15 pg/ml with HPMCAS L, compared to 38.6+0.03 pg/ml for PVPVA and
17.1£0.02 pg/ml for HPMCAS L here [23].

Table 4. Food effect for solubilization capacity of 20% drug load RTN films. Media were FaSSIF-V2
(pH 6.5) and FeSSIF-V2 (pH 5.8), with and without polymer. When polymer present, polymer

concentration was 2 mg/ml. Mean + SE from n=3.

Solubilization Fold-enhancement pH and Food effect
capacity compared to no polymer (fed / fasted)
Media (Yorelease)
FaSSIF-V2 (no polymer) 0.30240.001 - -
FaSSIF-V2 + HPMCAS L 1.03+0.001 3.40+0.019 -
FaSSIF-V2 + HPMCASH 0.769+0.002 2.54+0.02 -
FaSSIF-V2 + HPMCAS L:H (1:1) 0.373+0.005 1.23+0.02 -
FaSSIF-V2 + Soluplus 1.51+0.002 4.99+0.02 -
FaSSIF-V2 + PVPVA 2.324+0.002 7.66+0.04 -
FaSSIF-V2 + PEG-6000 1.444+0.001 4.77+0.02 -
FaSSIF-V2 + Eudragit S100 0.0876+0.0004 0.290+0.003 -
FeSSIF-V2 (no polymer) 0.562+0.004 - 1.86+0.01
FeSSIF-V2 + HPMCAS L 5.21+0.03 9.26+0.10 5.07+0.03
FeSSIF-V2 + HPMCAS H 0.583+0.003 1.04+0.01 0.759+0.002
FeSSIF-V2 + HPMCAS L:H (1:1) 4.9240.08 8.75+0.19 1.57+0.02
FeSSIF-V2 + Soluplus 38.4+0.04 68.4+0.5 25.5+0.05
FeSSIF-V2 + PVPVA 2.12+0.003 3.76+0.02 1.63+0.01
FeSSIF-V2 + PEG-6000 1.89+0.003 3.36540.03 2.33+0.01
FeSSIF-V2 + Eudragit S100 0.180+0.008 0.321+0.016 2.06+0.08

In Figure 2 panel b, RTN %release into FaSSIF-V2 was 0.6%, 0.5%, 0.8%, 1.0%, 0.8%, 0.8%
and 0.07% with SoluPlus, HPMCAS L, HPMCAS L:H, PVPVA, PEG-6000, HPMCAS H and Eudragit
S100, respectively. So, there was 3.4-fold, 2.8-fold, 2.8-fold, 2.5-fold, 2-fold, and 1.8-fold increase with
PVPVA, PEG-6000, HPMCAS L:H, HPMCAS H, SoluPlus, and HPMCAS L compared to without
polymer (i.e. 0.3% release). Like for 20% drug load, only Eudragit S100 did not increase solubilization
capacity. By considering their collective results, SoluPlus, PVPVA, HPMCAS L and HPMCAS L:H are
concluded to be preferred polymers for RTN ASD with higher solubilization capacity (Table 5).

Table 5. Food effect for solubilization capacity of 40% drug load RTN films. Media were FaSSIF-V2
(pH 6.5) and FeSSIF-V2 (pH 5.8), with and without polymer. When polymer present, polymer

concentration was 2 mg/ml. Mean + SE from n=3

Solubilization Fold-enhancement pH and Food effect
capacity compared to no polymer (fed / fasted)
Media (Yorelease)

FaSSIF-V2 0.302+0.001 - -
FaSSIF-V2 + HPMCAS L 0.539+0.001 1.78+0.008 -
FaSSIF-V2 + HPMCAS H 0.759+0.0004 2.51£0.01 -

FaSSIF-V2 + HPMCAS L:H (1:1) 0.836+0.001 2.77+0.008 -
FaSSIF-V2 + Soluplus 0.618+0.001 2.05+0.01 -
FaSSIF-V2 + PVPVA 1.01+0.001 3.35+0.02 -

FaSSIF-V2 + PEG-6000 0.833+0.0003 2.76+0.01 -
FaSSIF-V2 + Eudragit S100 0.0648+0.001 0.214+0.002 -
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Table 5 (continue). Food effect for solubilization capacity of 40% drug load RTN films. Media were
FaSSIF-V2 (pH 6.5) and FeSSIF-V2 (pH 5.8), with and without polymer. When polymer present,
polymer concentration was 2 mg/ml. Mean + SE from n=3

Solubilization Fold-enhancement pH and Food effect
capacity compared to no polymer (fed / fasted)
Media (Yorelease)

FeSSIF-V2 0.562+0.004 - 1.86+0.01
FeSSIF-V2 + HPMCAS L 1.75+0.003 3.12+0.03 3.25+0.01
FeSSIF-V2 + HPMCAS H 1.94+0.01 1.94+0.01 1.44+0.001

FeSSIF-V2 + HPMCAS L:H (1:1) 2.00+0.001 3.56+0.02 2.39+0.005
FeSSIF-V2 + Soluplus 2.17+0.01 3.85+0.01 3.50+0.02
FeSSIF-V2 + PVPVA 1.30+0.01 2.31+0.01 1.28+0.002

FeSSIF-V2 + PEG-6000 1.58+0.01 1.58+0.01 1.07+0.001
FeSSIF-V2 + Eudragit S100 0.069+0.007 0.12+0.01 1.07+0.10

As expected, 20% drug load performed better than 40% of the drug load, similar to literature
[23,28,29]. Simoes et al. observed that drug release from polymeric blends decreased drastically with
higher drug load [29]. Kokott et al. also performed small scale dissolution setup with RTN in FaSSIF-
V2 and found that 40% drug load showed lower dissolution profile than 20% drug load for PVPVA and
HPMCAS [23].

The food effect for solubilization capacity is also given in Table 4 and 5. For 20% drug load
(Table 4), the lowest food effect was with HPMCAS H (0.759-fold) and highest was with SoluPlus
(25.5-fold). There was a 2-fold increase with PVPVA, Eudragit S100, PEG-6000, and a 5-fold increase
with HPMACS L. For 40% drug load, there was essentially no food effect with PEG-6000, Eudragit
S100, PVPVA and HPMCAS H. There was 3-fold, 3.5-fold and 2.4-fold increase with SoluPlus,
HPMCAS L, and HPMCAS L:H, respectively.

SoluPlus and PVPVA possessed good aqueous solubility, and their films improved RTN release
compared to no polymer. SoluPlus has amphiphilic chemical structure, with a large number of hydroxyl
groups, resulting in it serving as a good solubilizer of poorly soluble drugs in aqueous media [30].
HPMCAS L is more hydrophilic than HPMCAS H due to its lower ratio of acetyl substitution versus
succinoyl substitution. HPMCAS L’s enhancement of RTN solubility and solubilization capacity
reflects the polymer’s hydrophilicity. Adhikari et al. indicated that the dissolution performance of
HPMCAS L was higher than the M and H grade contrasts with the solution stabilization and drug-
polymer molecular interactions. By means of hydrophobicity of HPMCAS H and greater hydrophobic
interactions between itraconazole and HPMCAS H provided retardation of itraconazole precipitation
and higher stabilization of itraconazole [2]. Interestingly, Eudragit S100 did not provide an increase in
solubilization capacity, although increased RTN solubility in both biorelevant media, perhaps reflecting
to the precipitation or crystallization of RTN during the formation of films with Eudragit S100 [14].
The solubilization capacity results were confirmed by solubility enhancement in FeSSIF-V2 and
FaSSIF-V2 by SoluPlus, PVPVA and HPMCAS L. Also, there was no increase with HPMCAS H. So,
films with 20% drug load and fabricated from SoluPlus, HPMCAS L, HPMCAS L:H and PVPVA were
selected for further comparative dissolution studies, similar to prior results of film dissolution into
POE10 medium [14].

Evaluation of RTN Dissolution Profiles from Films into Biorelevant Media

Figure 3 and 4 plot RTN dissolution profiles from films of SoluPlus, HPMCAS L, PVPVA and
HPMCAS L:H into FeSSIF-V2 and FaSSIF-V2, respectively. In FeSSIF-V2, the highest release was
from HPMCAS L film. Early release was higher for PVPVA, but RTN precipitation occurred after 20
min. Meanwhile, HPMCAS L provided the highest, sustained supersaturation in FeSSIF-V2 for 6 h.
Slower onset of dissolution of RTN from HPMCAS L compared to PVPVA agrees with the literature
[23]. At 360 min, rank order release from films was HPMCAS L (88.3%) > PVPVA (53.7%) > SoluPlus
(36.8%) > HPMCAS L:H (23.0%), which were higher than from RTN crystalline powder. Table 6 lists
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AUC values over 120 min (AUCo.120 min). The highest AUC value was with HPMCAS L (2810
pg.min/ml). The lowest AUC was with HPMCAS L:H polymer (385 pg.min/ml). Rank order of AUC
(0-120 min) iN FeSSIF-V2 was HPMCAS L > PVPVA > SoluPlus > HPMCAS L:H. While there was no
increase in AUC (0-120 miny with HPMCAS L:H compared to crystalline RTN powder (385 pg.min/ml),
there was 2.31-fold, 7.31-fold and 6.55-fold increase with SoluPlus, HPMCAS L and PVPVA,
respectively.

SRINMHPMCAS-L Film
BRTN:PVP-VA Film
@RTN:Soluplus Film

100 SRTN:HPMCAS-LH Film

=Crystalline RTN Powder

% Release of RTN

0 50 100 150 200 250 300 350
Time (min)

Figure 3. RTN dissolution profiles from films with 20% drug load into FeSSIF-V2. Best polymers
were PVPVA, SoluPlus, HPMCAS L and HPMCAS L:H. Mean + SE from n=3

Figure 4 plots dissolution from 20% drug loaded films containing SoluPlus, HPMCAS L,
HPMCAS L:H and PVPVA in FaSSIF-V2, which has a higher pH than FeSSIF-V2. Dissolution was
lower in FaSSIF-V2 (Figure 4) than into FeSSIF-V2 (Figure 3), similar to above solubility and
solubilization capacity study findings where solubility and solubilization capacity were lower at higher
pH condition, in agreement with literature [11]. Drug solubility is higher in low pH. This situation can
be explained by the drug solubility was higher in lower pH [31]. Also, the increase in dissolution of
HPMCAS L:H films in FaSSIF-V2 compared to FeSSIF-V2 can be related to the HPMCAS H polymer
has higher solubility in pH 6.5 compared to the 5.8 [32].

100

80 #RTN:Soluplus Film
@RTN:HPMCAS-L Film
BRTN:PVP-VA Film
©RTN:HPMCAS-LH Film

*Crystalline RTN Powder

%Release of RTN
4
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Figure 4. The dissolution profiles of the films contain the 20% drug load into FaSSIF-V2. Overall,
RTN film dissolution into FaSSIF-V2 was lower than that into FeSSIF-V2. The graph shows an
expanded view of the lower level of release. Mean + SE from n=3
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At 30 min, the highest RTN release was with HPMCAS L. Rank order release was HPMCAS L
(35.4%) > PVPVA (24.0%) > SoluPlus (17.7%) > HPMCAS L:H (5.1%). Both HPMCAS L and PVPVA
profiles showed drug precipitation, while HPMCAS L:H and SoluPlus profiles only increased with time.
Hence, at 360 min, the rank order release was HPMCAS L:H >SoluPlus> HPMCAS L > PVPVA.

Table 6 lists AUC (0-120 min). Overall, AUC (0120 miny in FaSSIF-V2 media was 9.0-fold, 8.3-fold,
5.9-fold, and 5.0-fold higher for SoluPlus, HPMCAS L, PVPVA and HPMCAS L:H, respectively,
compared to crystalline RTN (2.9% release at 120 min). Food effect was also calculated by considering
the ratio of AUC values in FeSSIF-V2 to FaSSIF-V2 and given in Table 6. While there was 3-fold
enhancement for films containing HPMCAS L and PVPVA in FeSSIF-V2, there was no increase with
SoluPlus and HPMCAS L:H polymers. 3-fold enhancement was also observed on the RTN crystalline
powder in FeSSIF-V2. The films formulations and RTN powder showed the positive food effect,
although there is about a 20% reduction in AUC under the fed state as compared to the fasting state in
humans [10,11]. In the literature, there is higher in vitro dissolution of each Norvir tablet and Norvir
oral powder in fed than fasted, using biorelevant dissolution media [10]. Likewise, Patel et al. also
observed this same discordance with RTN in vivo negative food effect, as in vitro lipolysis profiles
showed positive food effect [11]. The difference between the in vivo and in vitro may be related to the
physiological parameters such as delayed gastric emptying, altered gastric pH, changes in regional
distribution of bile salts, fluid volumes, viscosity, and blood flow [12,33,34].

Table 6. Dissolution profile AUC-120 miny Values of films containing SoluPlus, HPMCAS L, PVPVA,
and HPMCAS L:H polymers in FeSSIF-V2 and FaSSIF-V2.

FeSSIF-V2 FaSSIF-V2 Food effect (fed /
fasted)
Film AUC ¢-120 (ng.min/ml) AUC ¢-120 (ng.min/ml)
RTN-SoluPlus 889+442 1350+190 0.755+0.390
RTN- HPMCAS L 2810+160 1260+370 3.00£1.61
RTN- PVPVA 2520+1490 895+182 3.08+1.54
RTN- HPMCAS L:H 3624200 739493 0.549+0.290
RTN crystalline 385+217 152430 2.82+1.39
powder

Drug release from ASD is determined in part by the dissolution of the polymeric carrier and not
simply by the drug itself [29,35,36]. While solubility and solubilization capacity generally reflects
dissolution results, there was some difference in the rank order of dissolution profiles, compared to
rankings from solubility and solubilization capacity. These differences can be related to the dissolution
test being a short-term test, while solubility reflected a longer-term assessment [37-39]. Overall, films
from HPMCAS L and PVPVA provide higher RTN release compared to other polymers in early time
points. Meanwhile, HPMCAS L maintained supersaturation for 6 hours in FeSSIF-V2 and provided 9-
fold increase in RTN release in FaSSIF-V2, which has promised to remove the food effect of RTN oral
dosing.

Conclusion

The films containing various polymer with different drug:polymer ratio was successfully
prepared. To assess the effect of the various polymers, RTN solubility, solubilization capacity and
dissolution profiles in biorelevant media were performed. By considering their collective favorable
results of solubility and solubilization capacity studies, SoluPlus, PVPVA, HPMCAS L and HPMACS
L:H preferred polymers for potential RTN films. 20% of the drug load performed better than 40% drug
load in both FeSSIF-V2 and FeSSIF-V2. The highest in vitro dissolution AUC value was observed with
HPMCAS L polymer in FeSSIF-V2, and it provided the highest supersaturation over 6 h. Also, RTN
films containing HPMCAS L provided 9-fold increase in RTN % release in FaSSIF-V2, which can help
to remove the food effect of RTN.



740 Oktay and Polli J. Fac. Pharm. Ankara, 49(3): 729-742, 2025

ACKNOWLEDGEMENTS

This study was supported by TUBITAK (The Scientific and Technological Research Council of

Turkey) [BIDEB2219/Project code: 1059B192000617].

AUTHOR CONTRIBUTIONS

Concept: A.N.O.; Design: A.N.O.; Control: A.N.O., J.E.P.; Sources: A.N.O., J.E.P.; Materials:

AN.O., JE.P.; Data Collection and/or Processing: A.N.O.; Analysis and/or Interpretation: A.N.O.,
J.E.P.; Literature Review: A.N.O., J.E.P.; Manuscript Writing, A.N.O., J.E.P.; Critical Review: A.N.O.,
J.E.P.; Other: -

CONFLICT OF INTEREST

The authors declare that there is no real, potential, or perceived conflict of interest for this article.

ETHICS COMMITTEE APPROVAL

The authors declare that the ethics committee approval is not required for this study.

REFERENCES

1.

10.

11.

12.

Qin, Y., Xiao, C., Li, X., Huang, J., Si, L., Sun, M. (2022). Enteric polymer—based amorphous solid
dispersions enhance oral absorption of the weakly basic drug nintedanib via stabilization of supersaturation.
Pharmaceutics, 14 (9), 1830. [CrossRef]

Adhikari, A., Polli, J.E. (2020). Characterization of grades of HPMCAS spray dried dispersions of
itraconazole based on supersaturation kinetics and molecular interactions impacting formulation
performance. Pharmaceutical Research, 37, 1-15. [CrossRef]

Ng, J., Klein, C., Chiu, Y., Awni, W., Ng, J., Cui, Y., Morris, J., Podsadecki, T., Kim, D., Bernstein, B.
(2008). The effect of food on ritonavir bioavailability following administration of ritonavir 100 mg film-
coated tablet in healthy adult subjects. Journal of the International AIDS Society, 11, 1-2. [CrossRef]
Salem, A.H., Chiu, Y.L., Valdes, J.M., Nilius, A.M., Klein, C.E. (2015). A novel ritonavir paediatric
powder formulation is bioequivalent to ritonavir oral solution with a similar food effect. Antiviral
Therapy, 20(4), 425-432. [CrossRef]

Moseson, D.E., Tran, T.B., Karunakaran, B., Ambardekar, R., Hiew, T.N. (2024). Trends in amorphous
solid dispersion drug products approved by the US Food and Drug Administration between 2012 and
2023. International Journal of Pharmaceutics: X, 100259. [CrossRef]

Wang, L., Ding, Z., Wang, Z., Zhao, Y., Wu, H., Wei, Q., Gao, L., Han, J. (2024). The development of an
oral solution containing nirmatrelvir and ritonavir and assessment of its pharmacokinetics and stability.
Pharmaceutics, 16 (1), 109. [CrossRef]

Hsu, A., Granneman, G.R., Bertz, R.J. (1998). Ritonavir: Clinical pharmacokinetics and interactions with
other anti-HIV agents. Clinical Pharmacokinetics, 35, 275-91. [CrossRef]

Kempf, D.J., Marsh, K.C., Denissen, J.F., McDonald, E., Vasavanonda, S., Flentge, C.A., Green, B.E.,
Fino, L., Park, C.H., Kong, X.P. (1995). ABT-538 is a potent inhibitor of human immunodeficiency virus
protease and has high oral bioavailability in humans. Proceedings of the National Academy of Sciences, 92
(7), 2484-2488. [CrossRef]

Benet, L.Z. (2023). Solubility-permeability mterplay in facilitating the prediction of drug disposition routes,
extent of absorption, food effects, brain penetration and drug induced liver injury potential. Journal of
Pharmaceutical Sciences, 112 (9), 2326-2331. [CrossRef]

Xu, H., Vela, S., Shi, Y., Marroum, P., Gao, P. (2017). In vitro characterization of ritonavir drug products
and correlation to human in vivo performance. Molecular Pharmaceutics, 14 (11), 3801-3814. [CrossRef]
Patel, R.P., Cristofoletti, R., Wu, F., Al Shoyaib, A., Polli, J.E. (2024). In vitro lipolysis model to predict
food effect of poorly water-soluble drugs itraconazole, rivaroxaban, and ritonavir. Journal of
Pharmaceutical Sciences, 113(8), 2361-2373. [CrossRef]

Arora, S., Pansari, A., Kilford, P., Jamei, M., Gardner, I., Turner, D.B. (2020). Biopharmaceutic in vitro in
vivo extrapolation (IVIV_E) informed physiologically-based pharmacokinetic model of ritonavir norvir
tablet absorption in humans under fasted and fed state conditions. Molecular Pharmaceutics, 17 (7), 2329-
2344. [CrossRef]


https://doi.org/10.3390/pharmaceutics14091830
https://doi.org/10.1007/s11095-020-02909-6
https://doi.org/10.1186/1758-2652-11-S1-P247
https://doi.org/10.3851/IMP2932
https://doi.org/10.1016/j.ijpx.2024.100259
https://doi.org/10.3390/pharmaceutics16010109
https://doi.org/10.1007/BF03259712
https://doi.org/10.1073/pnas.92.7.2484
https://doi.org/10.1016/j.xphs.2023.07.006
https://doi.org/10.1021/acs.molpharmaceut.7b00552
https://doi.org/10.1016/j.xphs.2024.04.007
https://doi.org/10.1021/acs.molpharmaceut.0c00043

J. Fac. Pharm. Ankara, 49(3): 729-742, 2025 Oktay and Polli 741

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Jamil, R., Xu, T., Shah, H.S., Adhikari, A., Sardhara, R., Nahar, K., Morris, K.R., Polli, J.E. (2021).
Similarity of dissolution profiles from biorelevant media: Assessment of interday repeatability, interanalyst
repeatability, and interlaboratory reproducibility using ibuprofen and ketoconazole tablets. European
Journal of Pharmaceutical Sciences, 156, 105573. [CrossRef]

Oktay, A.N., Polli, J.E. (2024). Screening of polymers for oral ritonavir amorphous solid dispersions by
film casting. Pharmaceutics, 16 (11), 1373. [CrossRef]

Biorelevant  (2025) Media  Preparation Tool. Retrieved January 5, 2025, from
https://biorelevant.com/#media_prep_tool_tab. Accessed date: 20.02.2025.

Oktay, A.N., Polli, J.E. (2022). Comparison of a single pharmaceutical surfactant versus intestinal
biorelevant media for etravirine dissolution: Role and impact of micelle diffusivity. International Journal
of Pharmaceutics, 624, 122015. [CrossRef]

Karakucuk, A., Celebi, N., Teksin, Z.S. (2016). Preparation of ritonavir nanosuspensions by
microfluidization using polymeric stabilizers: 1. A design of experiment approach. European Journal of
Pharmaceutical Sciences, 95, 111-121. [CrossRef]

Karakucuk, A., Teksin, Z.S., Eroglu, H., Celebi, N. (2019). Evaluation of improved oral bioavailability of
ritonavir nanosuspension. European Journal of Pharmaceutical Sciences, 131, 153-158. [CrossRef]
Rodriguez-Spong, B., Acciacca, A., Fleisher, D., Rodriguez-Hornedo, Nr. (2008). pH-induced
nanosegregation of ritonavir to lyotropic liquid crystal of higher solubility than crystalline polymorphs.
Molecular Pharmaceutics, 5(6), 956-967. [CrossRef]

Law, D., Krill, S.L., Schmitt, E.A., Fort, J.J., Qiu, Y., Wang, W., Porter, W.R. (2001). Physicochemical
considerations in the preparation of amorphous ritonavir—poly (ethylene glycol) 8000 solid dispersions.
Journal of Pharmaceutical Sciences, 90 (8), 1015-1025. [CrossRef]

Law, D., Schmitt, E.A., Marsh, K.C., Everitt, E.A., Wang, W., Fort, J.J., Krill, S.L., Qiu, Y. (2004).
Ritonavir—PEG 8000 amorphous solid dispersions: In vitro and in vivo evaluations. Journal of
Pharmaceutical Sciences, 93(3), 563-570. [CrossRef]

Wuyts, B., Brouwers, J., Mols, R., Tack, J., Annaert, P., Augustijns, P. (2013). Solubility profiling of HIV
protease inhibitors in human intestinal fluids. Journal of Pharmaceutical Sciences, 102 (10), 3800-3807.
[CrossRef]

Kokott, M., Breitkreutz, J., Wiedey, R. (2024). The interplay of poorly soluble drugs in dissolution from
amorphous solid dispersions. International Journal of Pharmaceutics: X. 7, 100243. [CrossRef]
Pignatello, R., Corsaro, R., Bonaccorso, A., Zingale, E., Carbone, C., Musumeci, T. (2022) Soluplus®
polymeric nanomicelles improve solubility of BCS-class Il drugs. Drug Delivery and Translational
Research, 12 (8), 1991-2006. [CrossRef]

Higashi, K., Hayashi, H., Yamamoto, K., Moribe, K. (2015). The effect of drug and Eudragit®s 100
miscibility in solid dispersions on the drug and polymer dissolution rate. International Journal of
Pharmaceutics, 494(1), 9-16. [CrossRef]

Savardekar, R.Y., Sherikar, A.S. (2020). Screening of Ketoprofen-Poloxamer and Ketoprofen-Eudragit
solid dispersions for improved physicochemical characteristics and dissolution profile. Brazilian Journal of
Pharmaceutical Sciences, 56, €18641. [CrossRef]

Honick, M., Das, S., Hoag, S.W., Muller, F.X., Alayoubi, A., Feng, X., Zidan, A., Ashraf, M., Polli, J.E.
(2020). The effects of spray drying, HPMCAS grade, and compression speed on the compaction properties
of itraconazole-HPMCAS spray dried dispersions. European Journal of Pharmaceutical Sciences, 155,
105556. [CrossRef]

Men, S., Polli, J.E. (2024). Microscope-enabled disc dissolution system: Concordance between drug and
polymer dissolution from an amorphous solid dispersion disc and visual disc degradation. Journal of
Pharmaceutical Sciences, 113(12), 3586-3598. [CrossRef]

Simoes, M.F., Pereira, A., Cardoso, S., Cadonau, S., Werner, K., Pinto, R.M., Simaes, Sr. (2019). Five-
stage approach for a systematic screening and development of etravirine amorphous solid dispersions by
hot-melt extrusion. Molecular Pharmaceutics, 17 (2), 554-568. [CrossRef]

Shamma, R.N., Basha, M. (2013). Soluplus®: A novel polymeric solubilizer for optimization of carvedilol
solid dispersions: Formulation design and effect of method of preparation. Powder Technology, 237, 406-
414. [CrossRef]

Nguyen, H.T., Van Duong, T., Taylor, L.S. (2023). Impact of gastric pH variations on the release of
amorphous solid dispersion formulations containing a weakly basic drug and enteric polymers. Molecular
Pharmaceutics, 20 (3), 1681-1695. [CrossRef]

Sarabu, S., Kallakunta, V.R., Bandari, S., Batra, A., Bi, V., Durig, T., Zhang, F., Repka, M.A. (2020).
Hypromellose acetate succinate based amorphous solid dispersions via hot melt extrusion: Effect of drug
physicochemical properties. Carbohydrate Polymers, 233, 115828. [CrossRef]


https://doi.org/10.1016/j.ejps.2020.105573
https://doi.org/10.3390/pharmaceutics16111373
https://biorelevant.com/#media_prep_tool_tab.
https://doi.org/10.1016/j.ejps.2024.106746
https://doi.org/10.1016/j.ejps.2016.05.010
https://doi.org/10.1016/j.ejps.2019.02.028
https://doi.org/10.1021/mp800114k
https://doi.org/10.1002/jps.1054
https://doi.org/10.1002/jps.10566
https://doi.org/10.1002/jps.23698
https://doi.org/10.1016/j.ijpx.2024.100243
https://doi.org/10.1007/s13346-022-01182-x
https://doi.org/10.1016/j.ijpharm.2015.08.007
https://doi.org/10.1590/s2175-97902019000318641
https://doi.org/10.1016/j.ejps.2020.105556
https://doi.org/10.1016/j.xphs.2024.10.039
https://doi.org/10.1021/acs.molpharmaceut.9b00996
https://doi.org/10.1016/j.powtec.2012.12.038
https://doi.org/10.1021/acs.molpharmaceut.2c00895
https://doi.org/10.1016/j.carbpol.2020.115828

742 Oktay and Polli J. Fac. Pharm. Ankara, 49(3): 729-742, 2025

33.

34.

35.

36.

37.

38.

39.

Koziolek, M., Grimm, M., Schneider, F., Jedamzik, P., Sager, M., Kiihn, J.P., Siegmund, W., Weitschies,
W. (2016). Navigating the human gastrointestinal tract for oral drug delivery: Uncharted waters and new
frontiers. Advanced Drug Delivery Reviews, 101, 75-88. [CrossRef]

Abuhelwa, A.Y., Williams, D.B., Upton, R.N., Foster, D.J. (2017). Food, gastrointestinal pH, and models
of oral drug absorption. European Journal of Pharmaceutics and Biopharmaceutics, 112, 234-248.
[CrossRef]

Craig, D.Q. (2002). The mechanisms of drug release from solid dispersions in water-soluble polymers.
International Journal of Pharmaceutics, 231 (2), 131-144. [CrossRef]

Lu, Y., Tang, N., Lian, R., Qi, J., Wu, W. (2014). Understanding the relationship between wettability and
dissolution of solid dispersion. International Journal of Pharmaceutics, 465(1-2), 25-31. [CrossRef]

Choi, M.J., Woo, M.R., Choi, H.G., Jin, S.G. (2022). Effects of polymers on the drug solubility and
dissolution enhancement of poorly water-soluble rivaroxaban. International Journal of Molecular Sciences,
23 (16), 9491. [CrossRef]

Metre, S., Mukesh, S., Samal, S.K., Chand, M., Sangamwar, A.T. (2018). Enhanced biopharmaceutical
performance of rivaroxaban through polymeric amorphous solid dispersion. Molecular Pharmaceutics, 15
(2), 652-668. [CrossRef]

Kim, J.S,, Din, F.U,, Lee, S.M., Kim, D.S., Woo, M.R., Cheon, S, Ji, S.H., Kim, J.O,, Youn, Y.S., Oh,
K.T. (2021). Comparison of three different aqueous microenvironments for enhancing oral bioavailability
of sildenafil: Solid self-nanoemulsifying drug delivery system, amorphous microspheres and crystalline
microspheres. International Journal of Nanomedicine, 5797-5810. [CrossRef]


https://doi.org/10.1016/j.addr.2016.03.009
https://doi.org/10.1016/j.ejpb.2016.11.034
https://doi.org/10.1016/S0378-5173(01)00891-2
https://doi.org/10.1016/j.ijpharm.2014.02.004
https://doi.org/10.3390/ijms23169491
https://doi.org/10.1021/acs.molpharmaceut.7b01027
https://doi.org/10.2147/IJN.S324206

