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Abstract: Background/Objective: The objective of the current research is to investigate the role of 

Neusilin US2 as a porous carrier for improving the drug loading and stability of Ezetimibe (EZB) by 

hot melt extrusion (HME). Methods: The amorphous solid dispersions (ASDs) were developed from 

10-40% of drug loading using Kollidon VA 64 (Copovidone) as a polymer matrix. The solid-state 

characterization of EZB was studied using differential scanning calorimetry (DSC), powder x-ray 

diffraction (PXRD), and Fourier transform infrared spectroscopy (FTIR). The formulation blends 

were characterized for flow properties, and CTC (compressibility, tabletability, compactibility) 

profile. The in-vitro drug release profiles were studied in 0.1N HCl (pH 1.2). Results: The 

incorporation of Neusilin US2 has facilitated the development of ASDs up to 40% of drug loading. 

The CTC profile has demonstrated superior tabletability for the ternary (EZB, copovidone and 

Neusilin) dispersions over binary dispersion (EZB and copovidone) formulations. The tablet 

formulations with binary (20%) and ternary (30% and 40%) dispersions have demonstrated complete 

dissolution of the drug in 30 minutes in 0.1N HCl (pH 1.2). The incorporation of copovidone has 

prevented the recrystallization of the drug in the solution state. Upon storage of formulations at 

accelerated conditions, the stability of ternary dispersion tablets was preserved attributing to the 

entrapment of the drug within Neusilin pores thereby inhibiting molecular mobility. Conclusion: 

Based on the observations, the current research concludes that it is feasible to incorporate Neusilin 

US2 to improve the drug loading and stability of ASD systems. 

Keywords: amorphous solid dispersion; hot melt extrusion; binary dispersion; ternary dispersion; 

Neusilin US2; copovidone; solubility enhancement; compressibility; tabletability; compactibility 

 

1. Introduction 

Over a few decades, poor solubility of drug substances has been the major challenge being faced 

by the pharmaceutical industries. Poor solubility of the drug substance limits the oral drug 

bioavailability, thereby requiring higher strengths to achieve the desired plasma concentration or 

switching to an alternative route of administration [1–6]. Failure to improve the solubility of the drug 

substance results in alternate administration routes, such as intravenous injections. Among various 

dosage forms, oral medications are widely preferred by the patient population due to various 

advantages such as low cost, ease of carry, self-administration, and no pain [7–9]. The majority of the 

medications available in the market belong to the oral route of administration. Among all the 

medications approved by the Food and Drug Administration (FDA) each year, around 50-60% of 
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them belong to oral medications such as tablets, capsules, powder sachets, and liquids. Developing 

medications that need to be administered through other routes might not be completely in line with 

patient compliance. Various studies have been published where the patients did not adhere to the 

prescription medications, attributing to the route of administration limitations. Thus, improving 

solubility and oral bioavailability is of utmost importance for the pharmaceutical industries in 

developing patient-friendly medication [10–14]. 

To date, a lot of research has been conducted and is ongoing across academia and 

pharmaceutical industries, either alone or in collaboration, aiming to develop platforms for 

improving the solubility of drug substances [15–18]. At least 40% of the molecules within the 

developmental pipeline are claimed to be poorly soluble. During early drug discovery, following the 

lead compound identification, the researchers will conduct a wide range of experiments to improve 

and optimize the physicochemical properties of the drug substance, such as solubility, stability, and 

toxicity [19–23]. Failure to improve the solubility by structural modifications will result in the 

initiation of polymorph, salt, and co-crystal screening to identify any alternate form of the drug with 

superior properties. If no alternate form is identified, then the only option which is available to the 

developmental scientist is to improve the solubility of the drug substance by employing any of the 

formulation strategies such as micronization, complexation, pH modification, lipid-based systems, 

and enabling formulations (amorphous solid dispersions; ASDs) [24–27]. 

In today's market, various medications for poorly soluble drug substances are available in the 

form of ASDs. Within ASDs, the drug substance is molecularly dispersed within a carrier matrix, 

which is usually a polymer [28–32]. In ASDs, the drug exists in a high-energy state and tends to 

recrystallize over a period of time due to various factors such as poor miscibility and storage 

conditions [33–37]. Thus, highly viscous polymers are used to dissolve and entrap the drug in a 

molecular state, thereby preventing recrystallization and improving stability. The miscibility of drugs 

and polymers plays an important role in developing a stable amorphous system [38–42]. High drug 

load remains to be challenging due to poor miscibility and stability of the ASDs. The ASDs are mostly 

manufactured by hot melt extrusion (HME) or spray drying (SD) platforms. 

The main objective of current research is to investigate the role of magnesium 

aluminometasilicate (Neusilin US2) in improving the drug load and stability of ASDs manufactured 

by employing the HME process. Ezetimibe (EZB), belonging to the biopharmaceutical classification 

system (BCS) class II (poorly solubility and high permeability), has been selected as a model drug. 

EZB is a first-in-class cholesterol absorption inhibitor. It inhibits the absorption of cholesterol in the 

small intestine by blocking the NPC1L1 transporter protein. The structure and physicochemical 

properties of EZB are shown in Figure 1. EZB is a neutral to weakly acidic drug that remains 

unionized throughout the physiological pH (1.2-7.4). It has a phenolic functional group (-OH) that is 

responsible for its weak acidic nature. A hydrophilic polymer, Kollidon VA 64 (PVP VA 64, 

copovidone), was selected as a matrix carrier. PVP VA 64 is most widely employed in developing 

ASD formulations. Between 2012 and 2023, out of 37 approved products, PVP VA64 was employed 

in 18 products. Additionally, out of 37 products, the HME process was employed for 13 products, of 

which 92% of products were manufactured employing PVP VA 64 as a polymeric carrier [4]. The 

drug EZB is a fast recrystallizer; incorporation of PVP VA 64 prevents recrystallization of the drug 

when present in solution. Along with PVP VA 64, Neusilin US2 was employed as a porous carrier 

to entrap amorphous drug and to prevent drug recrystallization upon storage. Neusilin US2 has a 

surface area of 300 m2/g with an oil adsorption capacity of 3.2 mL/g. The milled HME extrudates were 

future compressed into tablets and characterized for solid-state properties, in-vitro dissolution and 

stability. 
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Figure 1. Chemical structure and physicochemical properties of Ezetimibe and Kollidon VA 64. 

2. Materials and Methods 

2.1. Materials 

Ezetimibe (EZB) was purchased from Metrochem API Private Limited (Hyderabad, India). 

Kollidon VA 64 (PVP VA 64) was obtained as a gift sample from BASF Pharma (New Jersey, USA). 

Neusilin US2 was supplied by Fuji Chemical Industry Co., LTD (New Jersey, USA). The tablet 

excipients Avicel PH102 (microcrystalline cellulose), and AC-DI-SOL (Croscarmellose sodium) were 

received as gift samples from IMCD (Ohio, USA). SuperTab 21AN (lactose anhydrous) was 

provided by DFE Pharma (New Jersey, USA). Lastly, magnesium stearate was received from 

Roquette (Pennsylvania, USA). 

2.2. Preparation of Physical Blends 

The physical blends needed for the HME process were prepared by passing EZB and PVP VA64 

through #20 ASTM sieve and blended in a 0.5 qt V-blender for 20 minutes at 25 rpm (MaxiBlend Lab 

Blender, GlobePharma, INC., New Jersey, USA). Following the blending process, the material was 

discharged into an amber polybag and stored in a desiccator until further processing. For the 

formulations with Neusilin US2, along with drug and polymer, the porous carrier was also passed 

through a #20 ASTM sieve and loaded into a V-blender. All the formulations which were studied in 

the investigation are presented in Table 1. 

Table 1. A detailed list of formulation compositions processed through HME. 

Formulation# EZB (%w/w) Kollidon VA 64 (%) Neusilin US2 (%) 

F-001 10 90 - 

F-002 20 80 - 

F-003 30 70 - 

F-004 30 60 10 

F-005 40 50 10 

F-006 40 45 15 
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F-007 50 35 15 

F-008 50 30 20 

2.3. Hot Melt Extrusion (HME) 

All the physical blends prepared in Section 2.2 were extruded using Process 11 Parallel Twin-

Screw extruder (ThermoFisher Scientific, Massachusetts, USA). The entire barrel consists of 8 zones, 

of which zone-1 was maintained at ambient temperature, and the temperature for zones 2-8 was 

adjusted between 170-180 C based on the processing torque. The die temperature was maintained 

slightly below the barrel temperature to facilitate the collection of filaments from the extruder. The 

material was fed into the barrel at a feed rate of 2.5 – 3.5 g/min, and the screw speed was maintained 

at 50 rpm for all the investigated formulations. The material was extruded through a 2.5 mm die 

nozzle. A standard ThermoFisher screw configuration with two mixing zones near zone 4 and zone 

7 was used for the extrusion process (Figure 2). Throughout the extrusion, the process torque was 

monitored and controlled by adjusting the process parameters such as feed rate and barrel 

temperature. 

 

Figure 2. Detailed information for the standard screw configured utilized for the extrusion of all the formulations 

in HME. 

2.4. Modulated Differential Scanning Calorimetry (mDSC) 

The solid-state characterization of the drug within the extrudates obtained from the HME 

process was characterized using DSC 250 (TA Instruments, Delaware, USA). The HME extrudates 

were crushed into coarse powder by gentle application of pressure using a mortar. An approximate 

sample quantity of 5 mg was weighed and manually sealed in a Tzero aluminum pan using a Tzero 

lid. An empty pan was also sealed and used as a reference. The samples were subjected to heating at 

an increment of 10 C/min from 25 – 175 C. The sample chamber was continuously purged with 

nitrogen at a 50 mL/min flow rate to maintain an inert atmosphere. For measuring the glass transition 

(Tg) temperature, the samples were equilibrated for 5 minutes at 25 C with a heating rate of 2 C/min. 

The modulation was performed every 60 sec at 1.0 C. The change in heat flow was plotted against 

temperature using TRIOS software. The observations of mDSC were further confirmed with powder 

X-ray diffraction analysis. 

2.5. Powder X-ray Diffraction (PXRD) 

The solid-state of the drug within the HME extrudate samples was further confirmed by PXRD 

analysis. The HME extrudates were crushed into coarse powder by gentle application of pressure 
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using a mortar. The samples were studied at ambient temperature using Bruker D2 Phaser (Bruker 

AXS GmbH, Karlsruhe, Germany). The XRD instrument was mounted with a LYNXEYE detector and 

CU K ( = 1.54 A). An approximate sample quantity of 100 mg was placed on top of the sample 

holder and scanned from 5 - 50 of 2 angle rotated at a speed of 15 rpm. The samples were analyzed 

at 30 KV of voltage and 10 mA of current. The step size was maintained at 0.02/sec. The 

diffractograms were plotted using Diffract SuiteTM V4.2.1 (Bruker AXS GmbH, Karlsruhe, Germany). 

2.6. Downstream Processing 

2.6.1. Milling and Particle Size Distribution 

The extrudates collected from the HME process were further milled and characterized for 

particle size distribution. The extrudates were milled using Quadro Comil (SLS-Scalable Lab 

SystemsTM, New Jersey, USA) equipped with a 024R (0.6 mm) screen and round impeller operated at 

1750 rpm. Following the milling process, the obtained milled material was studied for particle size 

distribution using the L3P Sonic Sifter Separator (Advantech A W.S.tyler Company, Ohio, USA). A 

sample quantity of 5.0 g was placed on top of the sieve arranged in the order of #30, 40, 60, 100, 200, 

230, and pan, operated for 5 minutes at an amplitude of 5. Following 5 minutes, the pans were 

carefully weighed, and the percentage retained on each sieve was calculated. 

2.6.2. Blending for Roller Compaction Process (Intra-Granular Portion) 

The milled HME material was further processed for dry granulation to improve the flow and 

compressibility of the tablet. The milled extrudates were loaded into a 0.5 qt V-blender (MaxiBlend 

Lab Blender, GlobePharma, INC., New Jersey, USA). The detailed list of excipients and their weight 

fractions added to each of the studied formulations is shown in Table 2. The microcrystalline 

cellulose, lactose anhydrous, colloidal silicon dioxide, and croscarmellose sodium were dispensed 

and passed through the #20 ASTM sieve and loaded into the V-blender. The materials were mixed 

for 20 minutes and 25 rpm. The magnesium stearate was passed through the #30 ASTM sieve, added 

to the V-blender, and mixed for 3 minutes at 25 rpm. Following blending, the material was discharged 

into an amber polybag. A portion of the blend was utilized for plotting the compressibility, 

tabletability, and compactability (CTC) profile, and the rest was utilized for the dry granulation 

process. 

Table 2. Detailed composition of formulations processed for roller compaction and tablet compression. 

Materials 
%w/w 

F2 F4 F6 

Intragranular 

HME milled extrudates 50.00 33.33 25.00 

Avicel PH102 (microcrystalline cellulose) 29.00 40.00 45.00 

SuperTab 21AN (lactose anhydrous) 14.00 19.67 23.00 

Aerosil 200 (colloidal silicon dioxide) 1.00 1.00 1.00 

AC-DI-SOL (Croscarmellose sodium) 3.00 3.00 3.00 

Magnesium stearate 0.50 0.50 0.50 

Total Intragranular Portion 97.50 97.50 97.50 

Extragranular 

AC-DI-SOL (Croscarmellose sodium) 2.00 2.00 2.00 

Magnesium stearate 0.50 0.50 0.50 

Total Extragranular Portion 2.50 2.50 2.50 

Total 100.00 100.00 100.00 

2.6.3. Compressibility, Tabletability, and Compactability (CTC) Profile 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 March 2025 doi:10.20944/preprints202503.1750.v1

https://doi.org/10.20944/preprints202503.1750.v1


 6 of 27 

 

The CTC profile was constructed using the pre-granulated blend to understand the effect of 

compression pressure on the solid fraction and tensile strength of tablets. The tablets were 

compressed for a weight of 100 mg using 6 mm round concave B-tooling on a single station manual 

press (Natoli NP-RD10A, Missouri, USA). Thirty tablets were compressed at each of the following 

compression pressures of 50, 100, 150, 200, 250, 300, 350 and 400 MPa. The compressed tablets were 

characterized for tensile strength (n=3) and solid fraction. 

The solid fraction is the ratio of envelope density and the true density of the tablets. The true 

density (g/cm3) of the tablets was measured using AccuPyc II 1345 (Micromeritics, Georgia, USA). 

The sample cup (10 cm3) was tared, two-thirds of the cup was filled with tablets, and the net sample 

weight was recorded. The sample cup was loaded into the chamber, and the analysis was performed 

using the following parameters: number of purges: 10, purge and cycle fill pressure: 19.5 psig, 

number of cycles: 10, analysis gas: nitrogen. The envelop density (g/cm3) was measured using GeoPyc 

1365 (Micromeritics, Georgia, USA). Approximately 2 g of tablets were weighed and placed into the 

sample cylinder, and the analysis was performed using DryFlo material. The solid fraction was 

calculated using the below equation. 

𝑆𝑜𝑙𝑖𝑑 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =
𝐸𝑛𝑣𝑒𝑙𝑜𝑝 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (

g
cm3

)

𝑇𝑟𝑢𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (
g

cm3
)

 

The tensile strength of tablets is calculated using the Fell-Newton equation: 

𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ (𝜎) =
2𝐹

Π𝐷𝐻
 

Where F is the breaking force (N), D is the tablet diameter (m), and H is the tablet thickness (m). The 

breaking force in Kilopascal (kp) is converted to Newton (N) using the below equation. 

𝐵𝑟𝑒𝑎𝑘𝑖𝑛𝑔 𝐹𝑜𝑐𝑒 (𝑁) = 𝐵𝑟𝑒𝑎𝑘𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 (𝑘𝑝) 𝑋 9.80665 

2.6.4. Dry Granulation by Roller Compaction 

The blend prepared in Section 2.6.2 was dry granulated using a TFC-LAB Micro roller compactor 

(Freund Vector, Iowa, USA). The roller compaction process parameters were adjusted to achieve a 

target solid fraction between of 0.75 for the ribbons. The solid fraction of the ribbons was measured 

using the methodology described in Section 2.6.3. The roller compaction for all the formulations (F2, 

F4, and F6) was performed using S-rolls (flat and serrated). The collected ribbons were subjected to 

milling using a rotary mill equipped with a #20 mesh screen (0.8 mm) operated at 150 rpm. Following 

milling, the particle size distribution of the granules was determined using the method described in 

Section 2.6.1. A sample quantity of 5.0 g was placed on top of the sieve arranged in the order of #20, 

30, 40, 60, 100, 200, 230, and pan, operated for 5 minutes at an amplitude of 5. Following 5 minutes, 

the pans were carefully weighed, and the percentage retained on each sieve was calculated. 

2.6.5. Characterization of Blend 

The flow properties of milled HME extrudates, pre-granulated blend, and milled ribbon 

granules were compared by determining Carr's index, Hausner's ratio, and Flow Function (FF). Carr's 

index and Hausner's ratio were determined using the below equations. 

𝐶𝑎𝑟𝑟′𝑠 𝐼𝑛𝑑𝑒𝑥 (%) =
(𝑇𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦−𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦)

𝑇𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
x100 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 March 2025 doi:10.20944/preprints202503.1750.v1

https://doi.org/10.20944/preprints202503.1750.v1


 7 of 27 

 

𝐻𝑎𝑢𝑠𝑛𝑒𝑟′𝑠 𝑅𝑎𝑡𝑖𝑜 =  
𝑇𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
 

The FF of the blends was determined by employing shear cell analysis using an FT4 powder 

rheometer (Freeman Technology, Georgia, USA) using a 1mL shear cell. The FF < 4 indicates poor 

flow, 4 < FF < 10 indicates intermediate flow, and FF > 10 indicates good flow. 

2.6.6. Final Blending and Tablet Compression 

The milled granules (from Section 2.6.4) and the extra-granular materials (croscarmellose 

sodium and magnesium stearate) were mixed and compressed into tablets. The extra granular 

materials were dispensed based on the calculated adjustment factor. The milled granules were loaded 

into 0.5 qt V-Blender and mixed for 5 minutes at 25 rpm. The disintegrant (croscarmellose sodium) 

was passed through the #20 ASTM mesh screen, added to the V-blender, and mixed for 10 minutes 

at 25 rpm. The magnesium stearate was passed through the #30 ASTM mesh screen and blended for 

3 minutes at 25 rpm. The lubricated material was dispensed into an amber polybag and stored until 

further processing. 

The lubricated material was compressed into tablets using a Korsch XP1 (Korsch, Massachusetts, 

USA) single-station tablet press. The tablet press was equipped with 6 mm round concave tooling 

operated at 20 strokes per minute of operating speed. The tablets were compressed for a weight of 

100 mg, equivalent to a 10 mg dose of Ezetimibe. The tablets were compressed for 6.0 – 8.0 kp of 

hardness. The compressed tablets were characterized for various physicochemical properties, solid-

state properties, in vitro dissolution, and stability. 

2.7. Characterization of Tablets 

2.7.1. Weight Variation, Thickness, Hardness, Friability, Disintegration 

Ten tablets of each formulation were weighed individually, and the average weight and 

standard deviation were calculated. The acceptance criteria of the weight variation test for tablets of 

100 mg weight is within 10%. 

The thickness of ten tablets for each formulation was measured using a digital vernier scale. The 

average  SD (standard deviation) was reported. 

The hardness of five tablets from each formulation was measured using a hardness tester 

(PharmaTest, PTB 111EP, Hainburg, Germany). The average tablet hardness  SD (standard 

deviation) was reported. 

The friability of the tablets was determined by placing 6.5 g of equivalent-weight tablets into the 

drum of the friability tester (PharmaTest, PTF 100, Hainburg, Germany), operated at 25 rpm for 4 

minutes. Following the run, the tablets were collected, dedusted, and inspected for any damage, and 

the weight was determined. The %friability was calculated using the below equation. 

%𝐹𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  
(𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡)

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 
 𝑥 100 

The disintegration of tablets was tested by dropping three tablets of each formulation into the 

disintegration basket tubes using a disintegration tester (PharmaTest, PTZ Auto EZ, Hainburg, 

Germany). The basket was immersed into a beaker containing 900 mL of distilled water maintained 

at 37.0  0.5 C. The time taken for the last tablet to disintegrate was recorded as the disintegration 

time. 

2.7.2. Assay and High-Performance Liquid Chromatography (HPLC) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 March 2025 doi:10.20944/preprints202503.1750.v1

https://doi.org/10.20944/preprints202503.1750.v1


 8 of 27 

 

The assay of the tablets for each formulation was evaluated by placing 10 powdered tablets into 

a 500 mL volumetric flask filled with 60% acetonitrile, glacial acetic acid, and water in a ratio of 

600:1:400. The volumetric flask was sonicated for 30 minutes, and the volume was made up to 500 

mL. An aliquot of sample was collected and filtered through a 0.45 m filter, and the drug content 

was measured using HPLC (Agilent, 1260 Infinity III LC system, California, USA) at 232 nm. The 

samples were analyzed using a 4.6 mm x 15 cm 5 m column at a flow rate of 1 mL/min. The injection 

volume is 30 L, and the mobile phase is tetrahydrofuran, acetonitrile, and phosphate buffer mixed 

in at a ratio of 100:250:650. The calibration curve was plotted from 1 – 10 g/mL with a correlation 

coefficient (R2) of 0.998. The assay and HPLC methods were referenced from the United States 

Pharmacopeia (USP) Monograph. 

2.7.3. In Vitro Drug Release 

The drug release profiles of the tablets were analyzed using a USP type 2 (paddle) dissolution 

apparatus (Agilent Technologies, 708-DS, California, USA). Three tablets of each formulation were 

dropped into each dissolution vessel consisting of 500 mL 0.1N HCl (pH 1.2) maintained at 37 C and 

operated at 50 rpm of paddle speed. An aliquot of sample was collected at 5, 10, 15, 30, 45, 60, 90, 120 

minutes and filtered through 0.45 m filter. The drug content in the samples was measured using the 

HPLC method described in Section 2.7.2. The dissolution profiles were plotted with time (x-axis) 

against %drug dissolved (y-axis). 

2.7.4. mDSC and Fourier Transform Infrared Spectroscopy (FTIR) 

The solid-state of the drug within the tablets of each formulation was measured using the 

procedure described in Section 2.4. 

The compatibility between the drug and the formulation excipients was evaluated using the 

FTIR instrument (Agilent Technologies, Cary 630, California, USA). The tablets of each formulation 

were pulverized into powder in a mortar. An approximate sample quantity of 2-3 mg was placed on 

the diamond crystal and compressed with a high-pressure clamp. The samples were scanned over a 

range of 1800 – 650 cm-1 for 16 times at a resolution of 4 cm-1. 

2.8. Stability Studies 

The tablets of each formulation were further evaluated for stability by storing the samples at 

accelerated conditions (402C & 755%RH) for six months in a stability chamber (Weisstechnik, 280-

T, Michigan, USA). The tablets of each formulation were sealed in a 30 cc HDPE bottle and loaded 

into a stability chamber. The samples were collected at 3 months and 6 months, characterized for 

weight variation, hardness, friability, disintegration, assay, mDSC, and dissolution studies. The 

similarity of the dissolution profiles between the initial and stability samples was calculated using 

the equation below. 

f2 = 50log {[1 + (
1

n
) ∑(Rt − Tt)2]−

1
2x100}

n

t=1

 

Within the equation, n is the number of sampling points, Rt and Tt are the cumulative release 

rate of the test and reference sample. An f2 value greater than or equal to 50 represents the similarity 

between the release profiles. 

3. Results and Discussion 

3.1. Hot Melt Extrusion Process 
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All the formulations listed in Table 1 were extruded successfully except one of the high drug 

load formulations (F8) with 50% drug load. All the formulations were extruded between 170 – 180 C 

of barrel temperature, which is slightly greater than the melting point of the drug, which is 165 C. 

The temperature in zone-1 was maintained at ambient to prevent melting or sticking of the material 

which might impact consistent feeding of material into the extruder barrel. The die temperature was 

maintained at slightly lower than the barrel temperature to prevent the flow of the polymeric mass 

in a liquid state. The feed rate and screw speed were maintained at 2.5 – 3.5 g/min and 50 rpm for all 

the formulations. The flow of the material was found to be superior for the formulations with 

Neusilin US2, which can be attributed to the spherical morphology of the porous material. The 

process torque was found to be decreased with increasing drug load which indicates plasticizing 

property of EZB. Overall, the torque stayed below 50% for all the formulations which were extruded 

successfully. For formulation, F8, the extruded was torqued out (100%), resulting in an unsuccessful 

extrusion process. The failure of extrusion can be attributed to low polymer and high Neusilin US2 

concentration, resulting in poor material conveying. For all the formulations, the filaments were 

collected using a 2.5 mm die nozzle. The diameter of the filaments was found to be within 2.5  1.0 

mm (F1-F3) and 2.5  0.2 mm (F4-F7). The greater variation in the diameter of the filaments without 

Neusilin (F1-F3) can be due to the die-swell behavior of the polymer, which was not observed in the 

rest of the formulations (F4-F7). The filaments were collected and stored in an amber bag until further 

processing. All the process parameters of the HME process for all the investigated formulations are 

listed in Table 3. 

Table 3. Detailed list of process parameters employed for the extrusion of materials through HME. 

Process 

Parameters 
F1 F2 F3 F4 F5 F6 F7 F8 

Zone 1 (C) 25 25 25 25 25 25 25 25 

Zone 2 - 8 (C) 170 170 170 175 175 180 180 
upto 

240 

Die (C) 165 165 165 170 170 175 175 
upto 

235 

Feed Rate 

(g/min) 
2.5 - 3.5 2.5 - 3.5 2.5 - 3.5 2.5 - 3.5 2.5 - 3.5 2.5 - 3.5 2.5 - 3.5 2.5 - 3.5 

Screw Speed 

(RPM) 
50 50 50 50 50 50 50 50 

Process torque 

(%) 
45-50 40-45 35-40 40-45 35-40 45-50 40-45 100 

Die Nozzle 

(mm) 
2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Successful 

Extrusion 

(Yes/No) 

Yes Yes Yes Yes Yes Yes Yes No 

3.2. Characterization of HME Extrudates 

The extruded filaments collected from the HME process were further characterized to study the 

solid state of the drug. Figure 3 shows the DSC thermograms investigated for the pure formulation 

materials, physical blends, and extruded samples. The thermogram of neat EZB has shown an 

endothermic peak at 163 C (Figure 3A), indicating the endothermic melting point of the drug 

substance. The DSC scan of PVP VA64 (Copovidone) and Neusilin US2 showed a straight line with 

no characteristic peaks, indicating their amorphous nature. With increasing drug load from 10% to 

30%, the physical blends of formulations F1-F3 have shown a slight reduction in the melting 

temperature called melting point depression, indicating good miscibility between the formulation 

components. The melting point was found to be at 160 C, 158 C, and 155 C for 10%, 20%, and 30% 
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drug load formulations. Whereas no melting point depression was noticed with increasing drug load 

for the formulations with Neusilin US2. The melting point for all the Neusilin US2 based formulations 

was found to be at 155 C (Figure 3B). 

The thermograms of formulations F1 and F2 have shown no melting peak, indicating successful 

conversion of the drug into the amorphous state. Whereas the formulation F3, with 30% drug load, 

has shown a characteristic melting peak of the drug, indicating the existence of the drug in crystalline 

form. The formulation F4, with 30% drug load and 10% Neusilin US2, has resulted in the absence of 

a melting peak, indicating complete conversion of the drug into an amorphous form, which might be 

due to the entrapment of a certain amount of amorphous drug in the cavities of Neusilin US2. 

Similarly, the drug was found to be crystalline in formulation F5 with a 40% drug load, which was 

further addressed by the incorporation of 15% Neusilin US2 (F6). Lastly, the formulation F7, with 

50% drug load, has also resulted in the existence of the drug in crystalline form. Increasing the 

concentration of Neusilin US2 to 20% has resulted in the failure of the extrusion process due to the 

increased amount of solid content. Thus, an amorphous drug load of 40% was achieved with the 

incorporation of 15% Neusilin US2 and 45% copovidone as a polymeric carrier. A significant drop in 

the glass transition temperature for the formulations consisting of Neusilin was observed. The glass 

transition temperature for formulation F6 was found to be 32 C, which is quite below the storage 

temperature. The stability of the formulation upon storage needs to be closely monitored. Whereas 

the glass transition temperature for formulations F1, F2, and F4 was found to be 101C, 97 C, and 93 

C respectively. Similar to the melting point depression in the physical blends, the glass transition 

temperature was found to decrease with increasing drug load. For all the formulations (F1, F2, F4, 

F6), a single glass transition point was observed, indicating a homogeneous system. 
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Figure 3. DSC thermograms of EZB, copovidone, Neusilin US2, physical blends and extruded materials. 
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The solid state of the drug within the formulations F2, F4, and F6 was further confirmed using 

PXRD analysis. The diffractogram of the neat EZB has shown characteristic peaks at 14.7, 16.06, 

18.63, 20.16, 23.59, 24.20, 25.11, 28.14, and 32.75 indicating Form A of the drug substance [7,43]. 

The diffractograms of HME extrudates for F2, F4, and F6 formulations have shown hollow curves 

indicating the existence of the drug in amorphous form. The PXRD diffractograms are depicted in 

Figure 4. 

 

Figure 4. PXRD diffractograms of milled HME extrudates. 

The HME extrudates were milled into fine powder to be processed into tablet formulations along 

with other excipients. The PSD of the milled extrudates is shown in Figure 5. For all the formulations 

(F2, F4, F6), the majority (80%) of the material has a particle size between 250-600 microns. The 

amount of fines contributes to less than 10% for all three formulations, which is advantageous for 

superior blend flow characteristics. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 March 2025 doi:10.20944/preprints202503.1750.v1

https://doi.org/10.20944/preprints202503.1750.v1


 13 of 27 

 

Figure 5. Particle size distribution of milled HME extrudates. 

3.3. CTC Profile 

The CTC profile was constructed for the pre-roller compaction blends that were prepared by 

mixing the milled HME extrudates with microcrystalline cellulose, lactose anhydrous, aerosol, 

croscarmellose sodium, and magnesium stearate. The main intention of constructing the CTC profiles 

for the blends is to understand the impact of compression pressure on the tensile strength and solid 

fraction. At higher compression pressures, a lower tensile strength and low solid fraction would 

indicate poor compressibility characteristics of the material. Within the industry, the general rule of 

thumb for manufacturing tablet dosage forms is to achieve a tensile strength of greater than 1.5 MPa 

and a solid fraction between 0.6 – 0.8. Failure to achieve tensile strength would result in weaker 

tablets, which might get damaged during the coating or packaging, impacting the quality. Similarly, 

a solid fraction within the range of 0.6 – 0.8 for the roller-compacted ribbons will ensure sufficient 

mechanical properties and granule formation. Additionally, the solid fraction greater than 0.8 would 

result in lower tablet porosity affecting the disintegration and drug release characteristics. Thus, 

investigating the tensile strength and solid fraction with respect to the compression pressure would 

provide an understanding of the processing material and will also serve as a basis for establishing 

the solid fraction as a control measure during the roller compaction process. 

The complete picture of the CTC profile studied for the pre-roller compaction blends of F2, F4, 

and F6 formulations is shown in Figure 6. The tabletability was found to be superior for blends with 

decreasing amounts of milled HME extrudate content within the tablets (Figure 6A). The tensile 

strength of the tablets was found to be increased with increasing compression pressure. The blends 

of formulations F4 and F6 with 33.33 %w/w and 25 %w/w of milled extrudate content have resulted 

in a tensile strength of greater than 1.5 MPa at 200 MPa and 250 MPa of compression pressure, 

respectively. Whereas the formulation F2 with 50 %w/w of milled extrudate content required a higher 

compression pressure of 400 MPa to achieve 1.5 MPa of tensile strength, indicating a poor tabletability 

profile. 

Similarly to the tabletability profile, the compressibility of the formulation (F4 and F6) with a 

lower amount of milled HME extrudates has resulted in superior compressibility compared with 

formulation (F2) with 50 %w/w of milled extrudate content. The milled extrudates exhibit a glassy 

nature, which is poorly compressible. Thus, with increasing amounts of milled extrudate content, the 

tabletability and compressibility of the materials are found to be compromised. At a compression 

pressure of 200-300 MPa, the formulations F4 and F6 have resulted in a solid fraction of 0.6 – 0.8. 

Whereas at higher compression pressures of 400 MPa, the formulation F2 with a higher amount of 

milled extrudate has resulted in 0.7 of solid fraction, indicating the need for high compression force. 

Finally, the compactibility profile plotted for F2, F4, and F6 formulations (Figure 6C, 6D, 6E) has 

shown the relation between the solid fraction and the tensile strength. The formulations F4 and F6 

have resulted in stronger tablets at lower solid fractions. The compactibility was found to be in the 

order of F6 > F4 > F2 which is in line with the amount of milled extrudate content within each 

formulation. Thus, overall, the CTC profile has provided an understanding of the formulation 

behavior under the application of compression pressure. 
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Figure 6. Compressibility, Tabletability, Compactibility (CTC) profile for pre-roller compacted blends. Roller compaction and characterization of milled ribbons. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 March 2025 doi:10.20944/preprints202503.1750.v1

https://doi.org/10.20944/preprints202503.1750.v1


 15 of 27 

 

The roller compaction was executed successfully for all the physical blends (F2, F4, and F6). All 

the blends have exhibited behavior similar to those studied in the CTC profile with respect to 

compression pressure and solid fraction. The formulation F2, with the highest concentration of milled 

HME extrudates (50 %w/w), has demonstrated poor compressibility, requiring a higher roll pressure 

of 13 kN to achieve 0.61 of solid fraction. Attributing to the poor flow of the blend due to the presence 

of a higher portion of milled extrudate material, it has required higher screw speed to feed the 

material and has resulted in a higher screw current of 0.5-0.6 Amps. The roll speed was maintained 

identically for all the investigated formulations at 1 rpm. Higher roll speed was not favorable for the 

formation of ribbons with desired mechanical properties. The roller compaction of F4 and F6 

formulations with 33.33 %w/w and 25 %w/w of milled extrudate content was found to be superior to 

the F2 formulation. The formulations F4 and F6 have resulted in a solid fraction of 0.73 and 0.84 at a 

roll force of 13 kN, demonstrating better compressibility properties of the blend. Additionally, the 

blends have exhibited better flow requiring lower screw speeds, and have also resulted in low screw 

current of less than 0.45 Amps. The process parameters of the roller compaction process and solid 

fraction are tabulated in Table 4. 

Table 4. Detailed list of roller compaction process parameter and density of ribbons. 

Formulati

on  

Roll 

Force 

(kN) 

Roll 

Speed 

(rpm) 

Screw 

Speed 

(rpm) 

Screw 

current 

(Amps) 

True 

Density 

(g/cm) 

Envelop 

Density 

(g/cm) 

Solid 

Fraction 

F2 13 1 35-45 0.5-0.6 1.53 0.94 0.61 

F4 13 1 30-35 0.35-0.45 1.54 1.12 0.73 

F6 13 1 20-25 0.25-0.30 1.54 1.3 0.84 

Following roller compaction, the ribbons were subjected to milling using a rotary mill operated 

at low speed (150 rpm) such that gentle pressure was applied onto the ribbons. The principle of 

operation is similar to an oscillatory mill equipped with commercial manufacturing equipment. The 

PSD of the milled ribbons is shown in Figure 7. The size of the particles was found to be less than 850 

m. For all the formulations (F2, F4, and F6), around 70% of the material was found to be between 

250 – 600 m. Overall, the fines were found to be less than 10%, ranging between 60-75 m. The PSD 

was found to be unimodal, which is advantageous and compatible with further downstream 

processing with no risk of segregation. 
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Figure 7. Particle size distribution of milled roller compacted ribbons. 

The flow behavior of the milled material was studied in comparison with the milled HME 

extrudates and pre-roller compaction blend. The Carr’s index, Hausner's ratio, and flow function 

were studied for all three formulations (F2, F4, F6), and the results were tabulated in Table 5. As 

discussed earlier the milled HME extrudates have exhibited poor flow behavior across all three 

characterizations where the Carrs Index value was found to be greater than 35% and, Hausner's ratio 

was found to be greater than 1.4 and the flow function was found to be less than 4 indicating poor 

flow behavior for the material. The flow properties of the pre-roller compacted blend was found to 

be improved compared with the milled extrudates alone due to the presence of glidant along with 

additional excipients. Finally, the flow of the milled ribbons was found to be superior to that of the 

milled extrudates and pre-roller compacted blends. Based on flow function, the granules of milled 

ribbons for F2 formulation have demonstrated intermediate flow due to a greater amount of milled 

HME content. Whereas, the formulations F4 and F6 have demonstrated a flow function of >10 

indicating good flow properties. 

Table 5. Flow properties of milled HME powder, pre-roller compacted blends and milled ribbons. 

Formulatio

n 

Manufacturing  

Stage  

Carrs Index  

(%) 

Hausners 

Ratio 

Flow Function  

(FF) 

F2 

HME Milled Powder  
36.45 (Very poor 

flow) 
1.49 2.45 (Poor flow) 

Pre-Roller Compaction 

Blend 
27.32 (Poor flow) 1.37 

5.66 (Intermediate 

flow) 

Milled Ribbons 18.36 (Fair flow) 1.21 
7.45 (Intermediate 

flow) 

F4 

HME Milled Powder  
36.11 (Very poor 

flow) 
1.49 3.11 (Poor flow) 

Pre-Roller Compaction 

Blend 

22.51 (Passable 

flow) 
1.31 

8.67 (Intermediate 

flow) 

Milled Ribbons 16.23 (Fair flow) 1.22 12.08 (Good flow) 

F6 

HME Milled Powder  
36.21 (Very poor 

flow) 
1.47 2.91 (Poor flow) 

Pre-Roller Compaction 

Blend 
19.32 (Fair flow) 1.20 

9.77 (Intermediate 

flow) 

Milled Ribbons 14.27 (Free flow) 1.14 14.89 Good flow) 

3.5. Compression of Tablets and Characterization 

The tablets of all the formulations (F2, F4, and F6) were compressed successfully using 6 mm 

round concave tooling for 100 mg of tablet weight equivalent to 10 mg dose of EZB. The tablets were 

compressed for a hardness range of 6-8 kp. The compressibility of the material was ruled by the 

amount of milled extrudate content present in the formulation. The formulation F2, with the highest 

amount of milled extrudate content (50 %w/w), was able to be compressed at 8-10 kN of compression 

force to achieve a tablet hardness of 6-8 kp. Whereas, the formulations F4 and F6 required 7-8 kN and 

4-6 kN of compression force. All the results were in accordance with the observations of the CTC 

profile. 

The weight variation was found to be acceptable and is within 2%. The thickness of tablets for 

all the formulations was found to be less than 2.65 mm. The average hardness of the tablets for all the 

formulations was found to be around 7 kp. The friability was found to be acceptable and is less than 

0.5%. The disintegration time for all three formulations was found to be less than 5 minutes, which 

might result in faster release profiles. The incorporation of extra-granular disintegration within the 

tablets might have aided in faster disintegration. The assay of the drug within the tablets of all the 
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formulations was found to be within 1%, indicating homogeneous distribution, no loss, and no 

degradation of the drug during the manufacturing process. The detailed results of the tablet 

characterization for all the formulations are listed in Table 6. 

Table 6. Detailed information for the tablet characterization data. 

Formulatio

n 

Weight 

variation (mg) 

Thickness 

(mm) 

Hardness 

(kp) 

Friability 

(%) 

Disintegrati

on (sec) 

Assay  

(%) 

F2 100.12 ± 0.72 2.49 ± 0.21 7.2 ± 1.7 0.43 180 98.23 ± 0.54 

F4 99.23 ± 1.21 2.55 ± 0.12 7.3 ± 1.3 0.34 240 98.67 ± 0.34 

F6 101.45 ± 1.67 2.63 ± 0.08 7.5 ± 0.9 0.41 270 99.31  0.69 

3.6. In Vitro Dissolution Profiles 

The dissolution profiles of all the formulations under investigation were studied in 0.1N HCl 

(pH 1.2) in comparison with pure EZB. The ASD tablets (F2, F4, and F6) have demonstrated superior 

solubility over pure EZB. The entire dissolution run was conducted for 120 minutes to monitor any 

recrystallization or precipitation of the drug. Various research articles have been published reporting 

EZB as a potential recrystallization drug when present in a solution state. Over 120 minutes, the pure 

EZB crystalline drug has resulted in a maximum dissolution of 4.2% (0.42 mg), indicating 0.84 g/mL 

of solubility, which is in line with the reported literature. All the ASD tablets have resulted in the 

dissolution of >80% in 30 minutes. The formulations with higher amounts of drug loading have 

resulted in faster release profiles in the order of F6 > F4 > F2. The faster release of high drug load 

formulations can be attributed to greater surface area exposure of amorphous drug to the bulk media. 

The amount of drug dissolved remained to be stable until 120 minutes of time point with no 

precipitation or recrystallization which can be due to the precipitation inhibition property of the 

copovidone polymer (Kollidon VA 64). Various studies have reported the precipitation inhibition 

property of copovidone when the amorphous drug is present in the solution state [44,45]. Thus, 

copovidone has not only served as a polymeric carrier for the amorphous EZB but also aided in 

inhibiting the drug precipitation. Developing ASDs of EZB has resulted in a 23.8-fold increase in 

solubility compared with the crystalline drug. The dissolution profiles of all the formulations under 

investigation are shown in Figure 8. 

 

Figure 8. In vitro dissolution profiles of amorphous solid dispersion tablets. 
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3.7. DSC and FTIR 

The solid state of the drug within the tablets and the compatibility with the tablet excipients 

were further studied using DSC thermograms and FTIR spectra. The DSC thermograms of all the 

tablet formulations have not shown characteristic melting peaks, indicating the existence of the drug 

in an amorphous form. The IR spectra of pure EZB has shown characteristic peaks at 3397 cm-1, 1721 

cm-1, 1224 cm-1, 1559 cm-1, and 2930 cm-1 representing OH stretching, C=O stretching, aromatic C-F 

stretching, aromatic C=C, and aromatic CH2 respectively. All the characteristic peaks of neat EZB 

were preserved with no broadening or shifting within the IR spectra of tablet formulations (F2, F4, 

and F6), indicating no interactions and compatibility between the drug and formulation excipients. 

The characteristic peaks of pure EZB are in line with the reported literature [46–48]. The DSC and 

FTIR scans of the ASD tablet formulations are shown in Figure 9. 
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Figure 9. (A) DSC thermograms (B) FTIR spectra of amorphous solid dispersion tablets. 
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3.8. Stability studies 

The stability of ASD tablets of all three formulations (F2, F4, and F6) was studied at accelerated 

storage conditions for six months. The tablet characterization data at 3M and 6M is shown in Table 7. 

The DSC thermograms of all three formulations are shown in Figure 10. At 3M of time point, all the 

formulations were found to be stable, and the results were in line with the initial (0 days) data. The 

weight variation was within the acceptable limits, and no significant drop in the tablet hardness was 

noticed. The tablets were able to retain mechanical integrity, with the friability being less than 0.5% 

and the disintegration time being below 5 minutes. The assay of the tablets was found to be consistent 

with the initial results, indicating no degradation of the drug. The DSC thermograms of all three 

formulations have shown the absence of a melting peak, confirming the presence of the drug in 

amorphous form. The dissolution profiles were in line with the initial data, and the calculated 

similarity factor between the test and reference samples was found to be greater than 50, confirming 

the similarity between the profiles. The dissolution profile of the stability samples is shown in Figure 

11. 

Table 7. Detailed tablet characterization data for the stability samples stored at accelerated conditions. 

Stability 

Time Point  

Formulatio

n  

Weight 

variation (mg) 

Hardness 

(kp) 

Friability 

(%) 

Disintegrati

on (sec) 
Assay (%) 

Initial (0 M) 

F2 100.12 ± 0.72 7.2 ± 1.7 0.43 180 98.23 ± 0.54 

F4 99.23 ± 1.21 7.3 ± 1.3 0.34 240 98.67 ± 0.34 

F6 101.45 ± 1.67 7.5 ± 0.9 0.41 270 99.31 ± 0.69 

3M 

F2 98.34 ± 1.21 6.8 ± 0.7 0.54 196 99.15 ± 1.23 

F4 99.45 ± 0.67 7.2 ± 1.6 0.41 235 100.45 ± 0.67 

F6 100.33 ± 1.09 7.1 ± 1.1 0.45 260 97.63 ± 0.32 

6M 

F2 98.11 ± 0.11 6.4 ± 1.6 0.57 187 97.11 ± 1.31 

F4 100.01 ± 0.47 6.8 ± 0.5 0.44 238 101.21 ± 0.87 

F6 99.65 ± 2.45 6.7 ± 1.2 0.41 265 100.09 ± 1.67 
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Figure 10. DSC thermograms of amorphous solid dispersion tablets stored at accelerated conditions for (A) 3 months and (B) 6 months. 
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At 6M of time point, the ASD tablet formulations (F4 and F6) consisting of Neusilin US2 were 

found to be stable with no recrystallization of the drug. Whereas the formulation consisting of EZB 

and copovidone with 20% drug load has resulted in recrystallization affecting the performance of the 

dosage form. Within the formulations F4 and F6, the drug might have entrapped in the cavities of 

Neusilin US2, thereby inhibiting drug mobility and preserving the stability of the formulations. 

Though the glass transition temperature of the stable formulations was well below the storage 

temperature, the presence of Neusilin has not only enabled high drug load but also preserved the 

stability upon storage at accelerated conditions. The weight variations of the tablets was found to be 

within acceptable limits, and the hardness of the tablets was found to be between 6-7 kp, indicating 

a slight drop in the mechanical integrity. The friability of unstable formulations was found to be 0.57 

and remained below 0.5% for the stable formulations. The disintegration of the tablets was found to 

be similar to the initial tablets which is less than 5 minutes. The assay of all three formulations was 

within 2%, indicating stability and no loss or degradation of the drug upon storage. The drug release 

profiles of unstable (F2) formulation has resulted in incomplete release profiles attributing to the 

presence of the drug in crystalline form. The formulation F2 has resulted in a drug dissolution of 

51.45% towards the end of 120 minutes, indicating partial recrystallization. The dissolution profiles 

of stable formulations (F4 and F6) are in line with the initial (0 days) and 3M release profiles. The 

calculated similarity factor for both the stable formulations is found to be greater than 50, confirming 

the similarity between the release profiles. The DSC thermograms of 6M stability samples have 

shown no characteristics of the endothermic peak for stable formulations (F4 and F6). Thus, the 

incorporation of Neusilin US2 as a porous carrier into the ASD system has not only improved the 

drug load but also preserved the stability of the formulation. 
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Figure 11. In vitro dissolution profiles of amorphous solid dispersion tablets stored at accelerated conditions for (A) three months and (B) six months. 
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4. Conclusion 

Increasing of drug loading in amorphous solid dispersions is one of the major limitations 

associated with the enabling platforms. In the current research, the amorphous drug loading was 

increased by up to 40% by the incorporation of Neusilin US2 as a porous carrier by employing an 

HME platform. The CTC profile has concluded superior tabletability characteristics for the 

formulations with Neuslin US2 and high drug loading. Even the Neusilin-based formulations 

demonstrated superior flow properties when mixed with the other tableting excipients. The 

incorporation of copovidone (Kollidon VA 64) has not only served as a polymeric carrier but also 

prevented the drug precipitation in the solution state. Upon storage at accelerated conditions, the 

ternary dispersions were found to be stable with no drug recrystallization compared with the binary 

dispersion consisting of only the drug and polymer. The entrapment of amorphous drugs within the 

porous network of Neusilin might have limited molecular mobility and preserved stability. Thus, the 

current research concludes the feasibility of incorporating Neusilin US2 as a porous carrier within 

the amorphous solid dispersion formulations for improving drug loading and also for preserving 

stability. 
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