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First of all it will be shown how high pressure broadband dielectric spectroscopy can be used to determine 
the effect of the compression  on the solubility limits of the amorphous drugs dissolved in polymer matrix 
[1, 2]. Such measurements are relevant not only for scientific activity but also could be potentially very 
useful in the context of application of extrusion-based manufacturing methods. Our studies revealed that 
with increasing pressure the solubility of the drug within polymer matrix is decreasing at isothermal 
conditions. This is the same pattern of behavior as observed in case of cooling of sample  at isobaric 
conditions. Therefore, during the solubility limit studies one should consider the situation in which by 
increasing the pressure (at constant temperature) would achieve an effect similar to the lowering of the 
temperature (at constant pressure). Moreover, our high pressure studies exhibit that the molecular 
dynamics control the process of recrystallization of the excess of amorphous drugs from the 
supersaturated drug-polymer solution [3]. 
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1. Surface sensitive techniques (atomic force microscopy –based methods) linked to 
processability of particulate matter. 

2. Single particle thermomechanical and chemical mapping of pharmaceuticals. 
3. The use of molecular dynamics (MD) simulations to gain understanding of 

pharmaceutical solids. 
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The terminology amorphous solid dispersion (ASD) was coined about 40 years ago to specifically 
describe solid pharmaceutical formulations in which the active pharmaceutical ingredient (API) is 
amorphously embedded in a polymer matrix. ASD as a formulation strategy enables an increase in the 
apparent solubility and bioavailability of poorly-water soluble APIs, typically those in the 
Biopharmaceutics Classification System (BCS) II and IV. Over the last decades, significant scientific 
progress has been made to mechanistically understand ASDs and to address the challenges associated 
with their manufacturability, stability, and performance. In this presentation, an overview of recent 
progress made on the formulation and process modeling front to address these challenges will be 
discussed. Furthermore, emerging modeling techniques to address current deficiencies or gaps will be 
highlighted. 
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Protein concentrations achievable in conventional/classical formulations limit their application to 
intravenous administration over several hours to deliver the required dose. To add insult to injury, the 
patient needs to see a doctor (e.g. at a hospital) for administration. Thus, a high demand exists to develop 
“High Concentration Protein Formulations” (HCPFs) in order to supply formulations with protein 
concentrations allowing for delivery of the required dosage in a single injection (boosting patient 
acceptance). 

HCPFs are commonly achieved by addition of suitable excipients (e.g. salts, sugars, amino acids, 
surfactants), which are approved by the Food and Drug Administration (FDA), to aqueous protein 
solution. However, the development of HCPFs and the selection of excipients are based on heuristic 
approaches hindering transferability of the results. Additionally, a consideration of negative influences 
induced by the excipients (e.g. agglomeration) is not possible. It is thus necessary to develop a physically-
sound method (both experimental and through thermodynamic modelling) to identify optimized 
formulations. In this work, we have developed a novel method to identify suitable excipients, excipient 
mixtures and explore novel excipients based on their molecular interactions with the protein in solution. 
Using different determinants such as osmotic virial coefficients and activity coefficients, we are able to 
preselect a first formulation window based on a minimal set of experimental data. This method will reduce 
the effort in identifying beneficial excipients, synergic mixtures and determine an optimized formulation 
for a specific protein circumventing state of the art cost-intensive screening methods. 
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Amorphous solid dispersions are increasingly used in formulating poorly water soluble compounds. Over 
the recent years researchers developed a number of different miniaturized screening platforms for early 
formulation development, at which stage the amount of API is still limited. In this work we compared the 
results obtained from our in-house miniaturized dissolution screening, as well as from two-stage 
dissolution and microFlux testing, to the available pharmacokinetic data of amorphous solid dispersions. 
Overall there was a good agreement between results from miniaturized dissolution, two-stage dissolution 
and microFlux testing of the spray dried powders. Some discrepancies were observed when correlating 
the in vitro to the preclinical in vivo data which could be related to differences in the material used between 
the in-vitro and the in-vivo studies.    
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Many drug candidates in early development have low solubility and the programs are on 
accelerated timelines for approval and/or funding deadlines. With these pressures, it is important 
to approach formulation selection with a combination of speed, thoroughness, and flexibility. 
Three case studies will highlight how a combination of experience, targeted testing, and basic 
scientific principles can quickly lead to the selection of progressible, commercially viable, 
formulations in early drug development. 
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An amorphous solid dispersion (ASD) is a state-of-the art formulation to enable sufficient aqueous 
solubility of poorly-water-soluble actives (APIs). Usually, binary ASDs, in which the API is dissolved in a 
single polymer are formulated to achieve the desired performance during dissolution and long-term 
stability against crystallization and amorphous phase separation. 
Ternary amorphous solid dispersions comprising the API and two different polymers are considered in 
case that a binary ASD does not fulfil the desired formulation performance. A ternary ASD can reinforce 
the advantageous properties of the deployed individual polymers. However - since polymer blends tend 
to phase separate - the miscibility of the ternary ASD is crucial. Potential polymer mixtures were 
evaluated in-silico by the thermodynamic model PC-SAFT with respect to their stabilization potential 
against API crystallization and amorphous phase separation in this work. The APIs fenofibrate and 
simvastatin were combined in-silico with the polymers hydroxypropyl methylcellulose acetate succinate 
(HPMCAS), poly(vinylpyrrolidone-co-vinyl acetate) (PVPVA64) and hydroxypropyl cellulose (HPC) to 
identify the best-stabilizing polymer combination with minimal experimental effort. The optimal polymer 
combination and formulation composition could be tailored for both APIs, depending on the individual 
intermolecular interactions among the APIs and the polymers. The stability against API crystallization is 
improved by mixtures of PVPVA64/HPC and HPMCAS/HPC compared to the respective binary ASDs, 
while the stability disadvantageously decreased in mixtures of HPMCAS/PVPVA64. Ternary ASDs 
containing API/PVPVA64/HPC were predicted to remain completely homogeneous during storage, 
while ternary ASDs containing API/HPMCAS/HPC were predicted to undergo amorphous phase 
separation (for both, fenofibrate and simvastatin). When comparing the performance of the two APIs 
among each other, simvastatin-containing ASDs remain stable even at much higher simvastatin loads 
than fenofibrate ASDs, which was clearly explained by the favorable intermolecular interactions among 
simvastatin and the polymers. 
HPC-containing polymer mixtures revealed a better ASD stability than the individual pure polymers. 
The polymer mixture PVPVA64/HPMCAS revealed an unwanted solubility minimum and is hereby 
expected to less stabilize the APIs than in the ASDs containing only the individual  polymers HPMCAS 
or PVPVA64. The in-silico screening successfully predicted the optimal polymer mixtures 
(PVPVA64/HPC) for a ternary ASD and also the ASD composition leading to stable ASDs with highest 
API load (fenofibrate ASDs: 12.0 wt.% FEN, 85.8 wt.% PVPVA64 and 2.2 wt.% HPC-UL; simvastatin 
ASDs: 43.8 wt.% SIM, 50.6 wt.% PVPVA64 and 5.6 wt.% HPC-UL). The maximally stable API load 
could be enhanced in case of both investigated APIs simvastatin and fenofibrate by the ternary ASDs 
containing HPC as one of the polymers (API/polymer/HPC) compared to the binary ASDs 
(API/polymer).   
References 
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Purpose 
 
Co-amorphous formulations have been developed as a promising approach to overcome the poor 
solubility challenge of many drug candidates. However, extreme super-saturation may occur in some 
cases, which is prone to result in precipitation, leading to the loss of the solubility advantage. Therefore, 
addition of small amounts of polymers, which can potentially act as precipitation inhibitor and/or release 
rate-modulator, into the formulations may improve the dissolution behavior of co-amorphous systems. 
However, the influence of polymer addition on both, strongly and non-strongly interacting co-amorphous 
systems is not well understood and thus is investigated in this study.  
 
Methods 
 
Carvedilol (CAR), L-aspartic acid (ASP), L-tryptophan (TRP) and hydroxypropyl methylcellulose (HPMC) 
were chosen as the model drug, the co-formers, and the additional polymer, respectively. CAR-ASP 
systems were prepared by spray drying and CAR-TRP systems were obtained by ball milling. The CAR 
to amino acid molar ratios were 1:1 in binary and ternary systems, and the weight fraction of HPMC was 
10% of the total mass in the systems. The glass transition temperatures of all samples were determined 
by differential scanning calorimetry. FTIR spectra of all samples were scanned over a wavenumber range 
from 400 to 4000 cm−1 (64 scans, resolution 4 cm−1). Non-sink powder dissolution tests of the systems 
with ASP and TRP were conducted in 0.1 M phosphate buffer, 37 ℃, at pH 7.2 and 6.8, respectively. 
 
Results 
 
Improvements in dissolution behavior (i.e., larger areas under the dissolution curves) were achieved in 
ternary CAR-amino acid-HPMC systems compared with the corresponding binary CAR-ASP and CAR-
TRP systems (Figure 1a and 1b). In addition, CAR-ASP-HPMC also showed a higher initial dissolution 
rate compared to the corresponding CAR-HPMC system with the same drug load, whilst CAR-TRP-
HPMC maintained supersaturation for a longer time when taking the corresponding CAR-HPMC system 
as a comparison. The FTIR spectra indicated that HPMC did not disturb the salt formation between CAR 
and ASP in ternary co-amorphous systems (Figure 1c). CAR and TRP showed no strong interactions 
with each other in the binary systems, and the addition of HPMC caused a decrease in the miscibility of 
CAR in TRP (Figure 1d), due to the original CAR-TRP non-strong interaction being replaced by the newly 
formed stronger hydrogen bonds between CAR and polymer. As a result, combining the thermoanalytical 
and XRPD investigations (data not shown in the abstract), it was found that CAR and TRP that exceeded 
the miscibility limit of the ternary system will potentially separate and crystallize. 
 
 
 



 
 

Figure 1. Dissolution behavior of CAR-ASP (a) and CAR-TRP (b) systems; FTIR results of CAR-ASP systems (c); 
Molar ratio (miscibility) of CAR to TRP and the concentration of HPMC in the CAR-TRP-HPMC systems (d). 
 
Conclusion 
 
Designing ternary co-amorphous drug delivery systems by adding a small amount of polymer into co-
amorphous binary systems shows potential to optimize the drug dissolution characteristics. However, it 
is necessary to fully consider the potential effects of polymer addition on the original molecular 
interactions between drug and co-former in the ternary systems. 

References 
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Solid Crystalline Suspensions (SCS) 
 
In an SCS a poorly water-soluble drug is finely distributed in a crystalline sugar alcohol matrix, 
to overcome dissolution limitations. On the one hand the wettability of the drug particles in 
aqueous media is increased through the hydrophilic matrix. On the other hand, the particle size 
of the embedded drug is reduced to the submicron region (<1 µm), offering a large surface area 
for mass transfer. Contrary to amorphous solid dispersions, which may recrystallize during 
storage, SCS are thermodynamically stable due to their crystalline structure. 
 
Production of SCS 
 
Different techniques have been employed to manufacture SCS. While extrusion [1] and air jet 
milling [2] did yield products with increased dissolution rates, their size reduction did not yield 
sufficient amounts of submicron particles. Melt milling [3], an adapted wet milling process at 
120°C, was successfully introduced as a batch process to overcome this limitation. However, 
batch sizes of less than 50 g were achieved per run. 
 
A continuous manufacturing process for SCS as shown in figure 1 was carried out at a technically 
relevant scale of ~1 kg/h. A solid feeder dosed continuously a powder mixture of both 
components into the extruder, where the matrix is partially molten. The uniform suspension is 
fed to a heated buffer container and pumped from there into the stirred media mill with annular 
gap design. This custom designed continuous mill offers a sufficient residence time (>30 min) to 
obtain a high fineness in one-passage. 
 
Based on the batch system a submicron content of up to 94% was predicted, while 80-93% was 
achieved in the experiment. Over one hour of processing time the d50 was stable at around 
0.454 ± 0.035 µm. Deviations in the product quality over time stem from undesired packing of 
grinding media in the mill. In certain scenarios packing in the annular gap can be avoided by 
tilting the mill. The throughput can then be set independently, without adaption of the previously 
optimized process parameters.  
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In this work micronized API particles are produced with ultrasonic atomization technique in a 
specially designed aerosol generator. The generated particles are charged and deflected into a 
carrier melt in the Melt Electrostatic Precipitator (MESP). Thereby the drug particles are 
embedded in a water soluble carrier and show an enhanced dissolution in water. The concept 
of the MESP and first experiments have already been discussed in previous work [1]. The aim 
of the present work is to characterize the MESP with a new designed aerosol generator in order 
to obtain a product with a higher drug load than it has been achieved before with a spray drying 
plant with aerosol conditioning [1]. 
 
Naproxen was dissolved in acetone for the spray drying process. The sugar alcohol xylitol was 
chosen as carrier matrix. Particle size and shape were investigated with SEM and laser 
diffraction measurement right after spray drying. The drug load in the xylitol melt was analyzed. 
UV-Vis at a wavelength of 212 nm. Dissolution experiments were conducted in United States 
Pharmacopeia apparatus 4 in demineralized water of 37 °C at a stirrer speed of 50 rpm. 
 
The analyzed, spray dried particles are rectangular or rhombic shaped and thereby indicate a 
crystalline state. The particle size distribution is narrow, with a d50,3 of 300 nm. The drug load 
increased with increasing applied voltage hence the particles are charged more and can be 
separated more efficiently. The drug load could be increased 25 times compared to a previous 
study [1]. The aim to increase the drug load could be achieved by the introduction of a new spray 
drying plant. In vitro dissolution experiments were conducted. 
 
The dissolution test with the flow-through cell indicated a significantly faster dissolution time of 
the solid dispersions compared to the physical mixture. The mean dissolution time (MDT) of the 
physical mixture was calculated to be 81.8 ± 12.8 s. The MDT of the solid dispersion with a drug 
content of 0.08 % is 40.9 ± 4.8 s, while the MDT of the solid dispersion with a higher drug content 
(0.12 %) is 45.8 ± 6.2 s. 
 
In this study a spray drying plant for the production of submicron particles was built and tested. 
The aim to obtain higher drug loads in the product was achieved. The in vitro dissolution time 
was reduced. Nevertheless, the drug load and mean dissolution time still need to be improved. 

References 
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Currently, the pharmaceutical industry is struggling with the problem of solubility-limited 
bioavailability of known and just discovered Active Pharmaceutical Ingredients (APIs)1. The conversion 
of these APIs into their amorphous form is, without a doubt, a solution for this problem2. There is, 
however, one main limiting factor of widespread use of these drugs. Amorphous materials are 
thermodynamically unstable and, therefore, during the time of storage, manufacturing or transportation 
might revert to their crystalline form. Consequently, a lot of effort is focused on investigation/prediction 
physical stability of these pharmaceuticals and finding the most effective method leading to stabilization 
easily crystallize from amorphous form APIs3. As it has been recently shown, one of the very effective 
stabilizing agents might be mesoporous silica (MS) materials. Therefore, in this presentation, we would 
like to show how these materials might slow down or even block the recrystallization of amorphous 
pharmaceuticals4,5. Furthermore, we will show how employed for stabilization MSs modifies on the drugs 
molecular dynamics and present the utility of broadband dielectric spectroscopy to assess the best 
concentration of MSs. 

References 

[1] H. Williams, N. Trevaskis, S. Charman, R. Shanker, W. Charman, C. Pouton, C. Porter, “Strategies to 
address low drug solubility in discovery and development”, Pharmacol. Rev. 65, 315–499 (2013);  

[2] R.H. Bogner, S.B. Murdande, M.J. Pikal, R.M. Shanker, “Solubility advantage of amorphous 
pharmaceuticals: II. application of quantitative thermodynamic relationships for prediction of solubility 
enhancement in structurally diverse insoluble pharmaceuticals”, Pharm. Res. 27, 2704–2714 (2010);  

[3] J. Knapik-Kowalczuk, M. Rams-Baron, M. Paluch, “Current research trends in dielectric relaxation studies 
of amorphous pharmaceuticals: physical stability, tautomerism, and the role of hydrogen bonding”, TrAC. 
134, 116097 (2021);  

[4] J. Knapik-Kowalczuk, D. Kramarczyk, K. Chmiel, J. Romanova, K. Kawakami, M. Paluch, “Importance of 
Mesoporous Silica Particle Size in the Stabilization of Amorphous Pharmaceuticals—The Case of 
Simvastatin”, Pharmaceutics, 12(4), 384 (2020); 

[5] J. Knapik, Z. Wojnarowska, K. Grzybowska, K. Jurkiewicz, A. Stankiewicz, M. Paluch, „Stabilization of the 
amorphous ezetimibe drug by confining its dimension”, Mol. Pharm. 13 (4), 1308-1316 (2016); 



2nd International Conference on Contemporary Pharmacy Challenges (ICCPC) 

Monte Carlo Simulation of Active Ingredient Diffusivity in Amorphous Solid Dispersions 

A. Mansuri1,2, B. Das2, T. Feuerbach1, J. Winck2, A.W.P. Vermeer3, W. Hoheisel1, 

M. Thommes2 

 
1 INVITE GmbH, 51368 Leverkusen, Germany, E-mail: mansuri@invite-research.com  

2 Laboratory of Solids Process Engineering, TU Dortmund, 44227 Dortmund, Germany  
3 Bayer AG, 40879 Monheim, Germany 

The diffusion coefficient of active ingredients (AI) in binary mixtures with amorphous polymers is 
regarded as one of the relevant factors affecting the physical stability of amorphous solid 
dispersions (ASD). In this study, continuous-time random walk (CTRW) was used as the 
underlying model for Monte Carlo (MC) simulation of the AI’s Brownian motion in ASDs, in the 
supercooled liquid regime. CTRW, as a generalisation of Pearson’s drunkard’s walk, treats the 
diffusive motion as a jump-and-wait mechanism, where the jumping lengths and waiting times of 
the AI are randomly sampled from predefined probability density functions (PDF) [1]. For this 
purpose, a gamma distribution based on the mixture’s α-relaxation time was utilised as the 
waiting time PDF, under the assumption that structural movements in the dispersion govern the 
trapping time of the AI in void spaces by making way for diffusive jumps between two adjacent 
free volume pockets.  In addition, the distribution of free volume in the polymer was used to build 
the jumping length PDF, assuming the jumping process constitutes an instantaneous 
displacement of the diffusant from the centre of the host cavity to the centre of a neighbouring 
one. Throughout this work, the free volume clusters as well as the penetrant molecules were 
taken as ideally spherical in shape for reasons of simplification. The results were compared with 
estimations of AI’s self-diffusion coefficient based on dielectric spectroscopy and free volume 
theory from previous studies. As presented by an example in Fig. 1, a reasonable agreement 
was noticed between the estimations. The simulated diffusion coefficients showed a low 
sensitivity towards jumping lengths. This observation calls for a more simplified approach 
replacing the free volume PDF with an alternative based on the van der Waals volume of the 
components involved in the system.  

 

Fig. 1: MC simulation results of self-diffusivity of imidacloprid in polystyrene at infinite dilution compared with the predictions of 

the free volume theory as well as dielectric spectroscopy. 
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Fluroquinolones are a common class of broad-spectrum antibiotics that are widely prescribed 
to treat bacterial infections, in particular of the respiratory and urinary tracts1. The therapeutic 
efficacy of these antibiotics is however limited due to their low solubility in aqueous media and 
poor drug penetration2. A common mechanism to enhance the solubility in water and hence 
the bioavailability of active pharmaceutical ingredients (API’s) which have one or more 
ionizable functional groups is salt formation. More than 50% of API’s on the market are present 
in salt form with salts often achieving a 100-1000 fold increase in solubility over the neutral 
drug3. In this work we carry out a detailed investigation of the crystallisation behavior of the 
fluoroquinolones norfloxacin, ciprofloxacin and enrofloxacin with α,ω-dicarboxylic acids with 
long, flexible spacer chains of the form HOOC-(CH2)n-COOH, where n=3-8. Dicarboxylic acids 
with n = 2 – 10 are generally regarded as safe by the FDA. Azelaic acid (n = 7), for example 
has anti-inflammatory and antibacterial properties and is used for the treatment of acne and 
rosacea4. The cocrystallization of fluoroquinolones with carboxylic acids usually results in 
supramolecular structures containing the robust R3NH+...-OOCR heterosynthon between the 
protonated piperazine ring and the deprotonated carboxyl group of the coformer. From a 
crystal engineering point of view, the solubility is determined by the crystal packing and 
intermolecular interactions such as hydrogen bonding between cation and anion.  We carry out 
a systematic study of spacer chain length on the crystal packing of these molecular salts and 
show that salt formation of fluroquinolones with α,ω-dicarboxylic acids can have ˃100 fold 
increase in solubility. In addition, we have also shown that some of these salts can behave as 
supramolecular gelators, capable of developing 1D networks capable of trapping solvent 
between fibres for potential formulation for topical applications 
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Introduction: 
Pharmaceutical cocrystals are the subject of interest in academic and industrial research as 
they offer better control over physicochemical, mechanical and pharmacokinetic properties of 
active pharmaceutical ingredients (API) while their therapeutic activity remains intact. This 
class of materials, as well as single component pharmaceutical solids, is prone to exhibit 
polymorphism i.e. the different packing arrangements and molecular conformations within the 
crystal lattice with the same chemical composition. 
Hot melt extrusion (HME) is solvent-free, continuous and scalable technique which makes it an 
important candidate for the industrial application in continuous synthesis of pharmaceutical 
cocrystals. However, processing APIs and coformers with a significant difference in their 
melting temperatures is limited by the possibility of lower-melting substrate decomposition. 
 
Materials and methods: 
In presented work, we used mechanochemical approach to obtain two pharmaceutical 
cocrystals known to exist in at least two polymorphic forms: theophylline with benzamide 
(TP:BZ) [1] and nicotinamide with malonic acid (NCT:MA) [2] via matrix assisted 
cocrystallization (MAC) using HME [3] and polymer assisted grinding (POLAG) [4]. The 
polymers used in experiments were polyethylene glycol derivatives of different molecular 
weight (in range from 200 to 20000), Tween® 20 and 80, Span® 80, Brij® 93, Pluronic® L-31 
and L-35 (polymers of different HLB values). The milling procedures were performed using 
ball-mill (Fritsch Mini-Mill Pulverisette 23) while hot melt extrusion processing was conducted 
using a co-rotating twin-screw Process 11 extruder (Thermo Fisher Scientific, Karlsruhe, 
Germany). Structures of the synthesised products were investigated using X-ray powder 
diffraction (D2 PHASER, Bruker AXS, Karlsruhe, Germany) and Fourier Transform Infrared 
Spectroscopy (Nicolet 380, Thermo Scientific, USA) whereas phase transitions were assessed 
using differential scanning calorimetry (DSC 214 Polyma, Netzsch, Germany). 
 
Results and discussion: 
The physical mixture of TP and BZ is difficult to process in hot melt extrusion technique 
because of the their melting temperature difference (mpTP = 273 °C, mpBZ = 128 °C). In case of 
processing neat mixture of API and coformer, the barrel temperature of 120 °C was necessary 
to perform a successful cocrystal extrusion whereas the addition of a polymer matrix allowed to 
decrease the process temperature to 40 °C.  



In the formulations of higher polymer concentration, i.e. 30% and more, the extrusion led to 
TP:BZ (1:1) cocrystal form I occurrence while polymer content below 20% resulted in form II 
cocrystallisation.  
In contrast, both polymorphic forms of TP:BZ (1:1) cocrystal were obtained in grinding 
experiments by neat and liquid assisted grinding as reported previously [1] while all POLAG led 
exclusively to form I formation. The addition of solid state polymers in a milling procedure 
accelerated the cocrystallisation rate, however, presence of the liquid polymers inhibited 
cocrystal formation due to both difficulties in mixing or dissolution of one of the components in 
liquid polymer.  
Changes in the polymer content and polarity of the matrix in milling experiments (controlled via 
chain length of polyethylene glycol), did not result in obtaining of TP:BZ (1:1) form II. 
Furthermore, time required for a complete cocrystallisation was significantly shorter (3-5 
minutes) in hot melt extrusion as compared to grinding experiments (40 min). In contrast to 
TP:BZ cocrystal, the melting temperature of API and coformer of NCT:MA (2:1) cocrystal are 
significantly closer (mpNCT = 129 °C, mpMA = 135 °C) which simplifies extrusion process. In the 
examined range of polymer concentrations form I of NCT:MA (2:1) was obtained. Similarly, 
grinding of NCT and MA (neat, liquid and polymer assisted grinding) also resulted in form I 
appearance of NCT:MA (2:1) cocrystal. 
 
Conclusion: 
Polymers used in matrix assisted techniques can act as cocrystallisation rate accelerating 
agents enabling to obtain higher cocrystal yield. In addition, polymers can act as the functional 
components of the formulation enabling to tailor important pharmaceutical parameters e.g. 
tabletability, dissolution rate or release profile. The addition of polymers in continuous 
cocrystallisation via hot melt extrusion allows to reduce the time and temperature of the 
process enabling  processing of thermolabile substances. Furthermore, control over 
polymorphic outcome enables selective synthesis of a stable polymorph which prevents 
unwanted structural changes during formulation and storage of the final product. On these 
terms matrix assisted cocrystallisation, as a modification of hot melt extrusion method, holds a 
promise in the development of polymorph selective cocrystallisation processes. 
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To overcome low water solubility of Active Pharmaceutical Ingredients (APIs), APIs are often 
embedded in a polymeric matrix, which results in a so-called Amorphous Solid Dispersion (ASD). The 
challenge of these pharmaceutical formulations is that most of them are thermodynamically unstable 
and the API will crystallize over time. The crystallization kinetics is not only affected by the 
thermodynamic driving force but also by the molecular mobility of the API in the ASD. These two factors 
largely depend on the storage conditions, like temperature and relative humidity (RH) and on the 
composition of the ASDs. 
The viscosity of an ASD is an indicator for molecular mobility. It was measured in this work using small-
amplitude oscillatory-shear tests. The zero-shear viscosities (ZSVs) of poly(vinylpyrrolidone-co-vinyl 
acetate) (PVPVA) and hydroxypropyl methylcellulose acetate succinate (HPMCAS) as well as of ASDs 
consisting of Nifedipine or Celecoxib with either PVPVA or HPMCAS were investigated. The 
viscoelastic properties were measured at different temperatures and RHs above and below the glass 
transition temperatures (Tg). 
Using a Time-Temperature Shift, the ZSV could be determined even for extremely viscous systems. 
The temperature-dependence of ZSVs could be described using Williams-Landel-Ferry (WLF) equation 
above and near Tg, whereas an Arrhenius equation was used below Tg. Viscosities were measured as 
function of API concentration and humidity, and compared to those of the pure polymer.  
It was found that both, API and absorbed water reduced the ZSV of the ASD. Due to the low Tg of water 
(-135.15 °C), it acts as a stronger plasticizer than Nifedipine (Tg = 45 °C) or Celecoxib (Tg = 58 °C). At 
the same distance to Tg as the pure polymer, the dry or humid ASDs have the same ZSV and could be 
described using the same model parameters as the for pure polymers. Above Tg, the WLF modeling is 
in good agreement with the experimental data. In this temperature region, the α-relaxation is decisive. 
In contrast, below Tg, the ZSV depends less on the temperature than above Tg. Here, the β-relaxation 
predominates and could be described using the Arrhenius equation. 
In summary, once the temperature dependence of the pure-polymers viscosity is known, the ZSV of 
ASDs of different drug loads and water concentrations could be predicted using either the WLF 
equation or the Arrhenius model depending on whether the system is above or below Tg. 
In future works, the knowledge of viscosity and thus molecular mobility in ASDs at dry and humid 
conditions can be used for estimating the crystallization kinetics in pharmaceutical formulations. 
Acknowledgement: The authors acknowledge the financial support from Janssen Pharmaceutica N.V. 
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To overcome insufficient bioavailability, the amorphous form of the drug can be administered instead of 
the crystalline counterpart. Since the amorphous state is thermodynamically unstable, it is often stabilized 
by polymeric excipients. These macromolecules exhibit viscoelastic behavior. Therefore, every kinetic 
within these formulations containing both drug and polymer, for example water absorption caused by 
humidity or re-crystallization of the drug, is additionally dictated by the time-dependent relaxation of the 
polymeric macromolecules. 
  
Without the polymeric excipient, water absorption from humid air often follows purely Fickian diffusion 
kinetics. With the polymer present on the other hand, the diffusion of water molecules into the formulation 
not only depends on its concentration gradient as a driving force but also on the viscoelastic stretching 
of the polymer chains. This configurational re-arrangement may even prevent any further water uptake 
completely, disregarding the intended phase equilibrium state. If this structural re-arrangement kinetic is 
too slow compared to the diffusion process, this relaxation turns out be the rate-determining step dictating 
the overall kinetics.  
 
Diffusion in mixtures without strong molecular interactions can be accurately described via a 
concentration gradient being the driving force. If molecular interactions like van-der-Waals forces, 
hydrogen bonding or Coulomb forces are present, the consideration of the chemical potential as driving 
force is inevitable. Therefore, a thermal equation of state needs to be utilized. In order to describe sorption 
behavior in viscoelastic materials, the time-dependent relaxation processes needs to be additionally 
incorporated by a mechanical equation of state. 
 
In the current work, PC-SAFT [1] has been combined with a generalized Maxwell model to predict 
anomalous water sorption kinetics in pharmaceutical formulations containing polymers. This combined 
model uses the chemical potential gradient as well as the mechanical stress gradient to predict multistage 
sorption curves with high accuracy. Since the combined model provides time-dependent information with 
spatial resolution within the formulation, all phenomena leading to different anomalous sorption 
trajectories could be identified and understood. All input parameters for the combined model are 
properties with physical meaning, which can be determined by separate experiments, namely the Fickian 
diffusion coefficients as transport coefficient and elasticity modulus and damping constant describing the 
viscoelasticity.  

 
To test the predictive capabilities of the proposed model, the sorption kinetics have been predicted in 
PVP, PVPVA and PLA. Since all polymers distinguish tremendously with regard to water sorption, the 
whole range of viscoelastic phenomena could be investigated. It was shown that the combined model 
has outstanding predictive capabilities in all cases using a minimum of experiments for parametrization. 
References 

[1] J. Gross, G. Sadowski, Ind. Eng. Chem. Res. 40.4 (2001): 1244-1260. 



2nd International Conference on Contemporary Pharmacy Challenges (ICCPC) 

 

Dissolution and recrystallization kinetics of pharmaceutical formulations 

Adrian Krummnow1,2, Andreas Danzer1, Kristin Lehmkemper2, 
Samuel O. Kyeremateng2, Matthias Degenhardt2, Gabriele Sadowski1 

 
1 TU Dortmund University, Department of Biochemical and Chemical Engineering, Laboratory 

of Thermodynamics, Emil-Figge-Str. 70, 44227 Dortmund, Germany 
2 AbbVie Deutschland GmbH & Co. KG, Global Pharmaceutical R&D, 

Knollstraße, 67061 Ludwigshafen am Rhein, Germany 
 

gabriele.sadowski@tu-dortmund.de 
 

Amorphous solid dispersions (ASDs) are used to increase the bioavailability of active pharmaceutical 
ingredients (APIs). In ASDs, the API is molecularly dissolved in a polymer matrix in the amorphous state. 
This often results not only in an improved API dissolution rate in the gastrointestinal tract but also in an 
increased solubility of the API. Problematically, supersaturated solutions may form upon ASD dissolution 
which can result in API recrystallization leading to the loss of the solubility advantage again [1]. 
 
This presentation deals with the thermodynamic modeling of ASD dissolution kinetics and API 
recrystallization kinetics and their experimental validation for the ritonavir/poly(vinlypyrrolidone-co-vinyl 
acetate) ASD system with varying drug loads (DLs). Perturbed-Chain Statistical Associating Theory (PC-
SAFT) [2] was used to calculate the phase equilibria (solid-liquid equilibrium and liquid-liquid equilibrium) 
and the driving force of the kinetics (chemical-potential gradient of the API). Both kinetics were described 
using the Statistical Rate Theory, and the kinetic coefficients for dissolution and recrystallization were 
fitted to experimentally-determined concentration-time courses. By combining the Statistical Rate Theory 
with a simplified population balance, the time evolution of the mean particle diameter of the evolving API 
crystals could also be predicted. The experimental validation of the predicted concentration-time courses 
was performed by UV spectroscopy. The particle-size distribution was measured via laser diffraction. 
 
For the investigated system, the release behaviour showed a dramatic collapse at a threshold of 20-30% 
DL in the ASD, which has also been observed in the literature [3]. This phenomenon could be explained 
by the liquid-liquid phase separation which is superpositioned to the dissolution/recrystallization process. 
However, not only the liquid-liquid phase split as such is responsible for the collapse of the API release 
but also the difference in phase-separation kinetics and dissolution kinetics. Further, the location of the 
critical point as well as the slope of the tie lines in the phase diagram could be linked to both, the change 
in release behaviour as a function of DL and the critical DL (threshold) in ASDs. 
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The improvement of the dissolution rate is in focus of drug formulation development due to the 
increase of the specificity of tailor-made drug substances. In turn, the water solubility is often 
reduced, which has a direct impact on the dissolution behavior of the drug substance. The two 
main factors limiting the dissolution kinetics of an API are diffusion and the surface reaction.[1] 
The surface reaction, as a near-surface layer, in which the API is liberated from the solid, is 
independent of the medium flow velocity. The diffusion layer is highly influenced by convection, 
which depends on the flow velocity and is expressed by the Reynolds number. Up to now these 
mechanisms are not well understood but the consideration of drug-solvent interactions is 
necessary for understanding the dissolution behavior.[1] Consequently, the focus of this study 
was the development of an experimental method and the investigation of the dissolution at 
different Reynolds numbers. Thus, the limitations and mechanisms of the drug dissolution can 
be investigated and characterized. 
 
In a constructed rectangular flow channel, a sample of pure API was overflowed with water under 
laminar flow conditions. Particle image velocimetry (PIV) was used to investigate the flow profile 
in the sample region. The measurement of dissolved API was performed from a buffer reservoir 
continuously by UV/Vis spectroscopy, while dissolution experiments were conducted at different 
flow rates, adjusted via a pulsation-free gear pump. 
 
Due to the flow, this method has advantages in comparison to the intrinsic dissolution tester, 
such as lower adhesion of gas bubbles on the sample surface. In addition, the velocity profile is 
constant and there are no dependencies of the velocity at the surface with respect to the sample 
diameter.[2] 
For the investigation of the flow velocity impact on the dissolution the use of the constructed flow 
channel was beneficial, differences in the dissolution behavior related to the applied flow rate 
were identified. The experiments confirmed that a greater mass flux can be achieved with a 
higher flow velocity if the substance is classified as diffusion controlled.[2] This flow-induced effect 
can be attributed to the reduction of the hydrodynamic boundary layer: Due to the decreased 
diffusion length, the process of dissolution increasingly depends on the surface reaction. The 
relation to the layer thickness seems to be suitable to correlate flow-induced differences with 
substance-specific parameters, e.g. the mass flux of pure surface reaction. 
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       Polymers are popular and universal excipients, which are often employed as stabilizers for labile 
amorphous Active Pharmaceutical Ingredients (APIs) belonging to II and IV group of Biopharmaceutics 
Classification System (BCS), whose solubility and hence bioavailability are more beneficial in 
comparison to their crystalline counterparts [1]. Unfortunately, the influence of the chain length or 
dispersity of these kinds of compounds in controlling the crystallization of amorphous APIs, although 
studied and discussed for a long time, is still purely understood. The reason for that is a weak control of 
the mentioned molecular parameters for most macromolecules used in pharmaceutical formulations. 
      In this paper, we have selected a series of modified oligosaccharides: acetylated maltose (acMAL), 
acetylated raffinose (acRAF), acetylated stachyose (acSTA), and acetylated α-cyclodextrin (ac-α-CD) 
of growing chain length and various topology (linear or cyclic), that in some way mimic growing 
molecular weight of the polymer, to investigate the impact of these molecular-based factors on the 
progress of crystallization of naproxen (NAP) -  a very unstable API that cannot be supercooled and 
does not vitrify regardless of the applied cooling rate. Interestingly, broadband dielectric spectroscopy 
(BDS) and differential scanning calorimetry (DSC) studies revealed that only ac-α-CD (cyclic 
hexasaccharide) completely prevents NAP crystallization (even in the system with a 10-fold excess of 
API, such a phase transition was not detected). Moreover, it was found that in the equimolar (1:1 m/m) 
solid dispersions composed of NAP and linear modified oligosaccharides, the activation barrier for the 
crystallization (Ecr) estimated from non-isothermal DSC measurements using the Kissinger and Augis-
Bennett approaches is the lowest for the system with the excipient of the smallest molecular size 
(acetylated disaccharide, i.e., acMAL). On the other hand, clearly higher (comparable) Ecr was 
determined for NAP-acRAF (trisaccharide) and NAP-acSTA (tetrasaccharide) mixtures. To explain the 
obtained results, additional Fourier transform infrared (FTIR) measurements and density functional 
theory (DFT) calculations were carried out. FTIR studies showed that there are no or only weak H-
bonded intermolecular interactions between NAP and modified carbohydrates. In turn, the 
computations revealed that independently on the conformer of ac-α-CD molecule, docking of the NAP 
dimers inside the cavity is strongly suppressed due to the high mobility and hindrance posed by acetyl 
units. Hence, although at the moment it is very difficult to explain the much stronger impact of the cyclic 
modified saccharide on the suppression of crystallization and enhanced stability of NAP with respect to 
the linear carbohydrates, our studies clearly showed that the chain length and the topology of the 
excipient play a significant role in controlling the crystallization of this API. 
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Purpose 
Tablet formulations for polymer based amorphous solid dispersions (ASDs) are commonly developed on 
a case-by-case basis depending on the drug-polymer combination [1] as there are only few systematic 
investigations conducted in literature with limited model compounds [2]. The aim of this work is to 
systematically investigate the impact of different drugs and their drug loads on material properties of the 
obtained ASD prepared by hot-melt extrusion and to explore the reasons for the drugs’ influence to 
rationalize excipient selection. 
 
Methods 
Poly(vinylpyrrolidone-co-vinyl acetate) 60:40 (copovidone) was used as the model polymer and 
ketoconazole (KTZ) griseofulvin (GSF) and peposertib (PPS; Merck Healthcare KGaA, Darmstadt, 
Germany) as model drugs. ASDs containing up to 40 % of the model drugs in copovidone were extruded 
using a PharmaLab 16 extruder and subsequently milled using a hammer mill. The extrudates were 
analyzed regarding their mechanical properties using diametral compression and nanoindentation, as 
well as their contact angle. Additionally, the molecular interaction between the drugs and copovidone was 
assessed by calculating the Flory-Huggins interaction parameter [3]. The milled extrudates were 
subsequently compressed into tablets without any additives and the obtained tablets were analyzed 
regarding their hardness, dimensions, and disintegration. 
 
Results 
Measurement of the mechanical properties of the hot-melt extruded ASDs revealed an increase in 
brittleness with increasing drug loads for all drugs, whereas the plasticity decreased to different degrees 
with PPS showing the strongest decrease, followed by GSF and KTZ. These changes directly translated 
to a different behavior during tablet compression, where the increase in brittleness resulted in a 
tabletability-increase for all drugs, which was counteracted for PPS and GSF by the decreased plasticity 
with increasing drug loads. The disintegration time of the obtained tablets differed significantly with the 
ASDs containing PPS showing the highest increase, followed by GSF and KTZ. Surprisingly, these 
results did not correlate with any physicochemical properties such as logP but correlated well with the 
contact angle values. Overall, the impact of the incorporated drugs on material properties of the ASDs 
was found to originate from their degree of molecular interaction as evaluated using the Flory-Huggins 
interaction parameter and not their differences in physicochemical properties. 
 
Conclusion 
Incorporation of different drugs into copovidone changed the mechanical properties and wettability of the 
ASDs and thus their processability and performance markedly, which was found to be caused by their 
different degree of molecular interaction with copovidone. However, direct measurement of mechanical 
properties and wettability are a good predictor for the processability during tablet compression and the 
disintegration behavior of copovidone-based ASDs, despite not being able to provide an explanation for 
the differences in material properties. 
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According to the literature data, some liquids possess the internal structure ordered on a 
medium-range scale (up to a few nanometers), which seems to have an essential impact on their basic 
macroscopic properties, as well as behavior at different external conditions (T,p). Among these 
systems, the most representative ones are H-bonded materials forming supramolecular clusters that 
are spatially organized into bigger domains through a repeating H-bonding network. Moreover, the 
creation of similar nanoscale aggregations can be enforced e.g., by hydrophobic or van der Waals 
(vdW) interactions. Importantly, most of the recent investigations are focused on the medium-range 
ordered self-assemblies connected via H-bonds, while the reports on the behavior of nanoassociates 
formed due to other kinds of intermolecular interactions are rare. Therefore, it is essential to study the 
latter class of materials to find a satisfactory explanation of the nature and properties of the medium 
range order (MRO) and its evolution with a variation in the chemical structure. 

In this study, we present the results of high-pressure dielectric measurements, carried out both 
above and below the glass transition temperature/pressure (Tg/pg) on five azole antifungals: 
itraconazole (ITZ), posaconazole (POS), terconazole (TER), ketoconazole (KET), and fluconazole 
(FLU), which are typical vdW systems. Especially, we focused on the effect of compression on the 
dynamics of the slow mode (designated as δ or α’-process), which was detected earlier in the ambient 
p spectra of ITZ, POS, and TER at T>Tg. Interestingly, we revealed that in contrast to ibuprofen (IBU) 
esters [1], the slow mode can be observed at high p conditions in ITZ and TER, and the time scale 
separation between α- and δ/α’-modes increases with compression. Moreover, it was demonstrated 
that the pressure coefficient of the glass transition temperature (dTg/dp), and activation volume for α-
process (ΔVα) estimated at Tg vary respectively, parabolically and linearly with molecular weight (Mw) of 
the examined compound. In turn, no direct link between ΔVδ/α’ and Mw was found. We also noticed that 
ΔVα increases approximately linearly with molar volume (Vm). Finally, it was shown that the activation 
entropy (ΔS), which is a measure of cooperativity, calculated from the Eyring model for the secondary 
β-process in ITZ and POS, increases and decreases respectively in the compressed samples. Further 
XRD studies on the pressure densified ITZ, POS, and TER allowed us to hypothesize that the observed 
change in ΔSβ as well as increasing time scale separation of the α- and δ/α’-processes (ITZ, TER) are 
due to some pressure-induced frustration in the molecular spatial arrangement (destruction of the MRO 
while enhancing the short-range correlation) in the compressed active substances. Although further 
investigations, including theoretical modeling, are highly required to understand the described problem 
in more detail. 
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Introduction: 
 
Targeted intracellular delivery systems, based on biocompatible nanomaterials are attracting 
considerable interest in the scientific community as they enable specific delivery of drugs, 
proteins or nucleic acids to tissues, cells and cellular compartments. Silica nanoparticles are 
introduced as chemically and thermally stable with well-defined and controllable morphology and 
porosity. They have silanol (Si - OH) groups on their surface, which allows for covalent 
conjugation with various types of functional groups. By attaching specific ligands to the surface 
of nanoparticles, they can be targeted at a specific receptor located on the cell membrane, 
increasing their retention and cellular uptake. [1] [2] [3]. In this study we synthesised three MSNs 
(40 nm; 90 nm; and 200 nm) and grafted them with galactose (GAL) that can specifically target 
liver cells via asialoglycoprotein receptor. The obtained materials can be used as a synthetic 
delivery vector in the treatment of HCV infection or hepatocarcinomas [4]. Detailed study of the 
structure of functionalized mesoporous silica was carried out by HR MAS NMR spectroscopy. 
Investigation of nanomaterials with traditional solution state spectroscopy is challenging due to 
dipolar interactions and chemical shift anisotropy that result in the peaks broadening, which 
makes the NMR spectrum difficult to analyse. HR-MAS NMR spectroscopy enables averaging 
of these interactions by rotating the sample at the magic angle that results in significant peaks 
narrowing enabling for detailed structural characterisation. 

 
Materials and methods: 
Different strategies were tested in order to obtain suitable size of nanoparticles. Three MSN  
differing in size (40 nm, 90 nm, 200 nm) were synthesized using sol-gel methods. The size of  
the particles was determined using DLS and TEM, while porosity and hexagonal pores  
architecture was confirmed using low angle PXRD. GAL was grafted on the silica surface by 
reductive amination using NaBH3CN as a reducing agent. The attachment of organic moieties  
at the silica surface was confirmed by FTIR, NMR, TGA and elemental analysis. High  Resolution 
Magic Angle Spinning NMR spectroscopy was used for the first time to investigate  the structure 
of functionalised MSN in aqueous media. 
 
Results: 
The synthesised materials had hexagonal pores of ca. 4 nm and narrow particles size  
distribution. The surface functionalization did not change the pores architecture while particles 
size was slightly larger. The FTIR, TGA and NMR results confirmed the presence of GAL groups 
on the surface of obtained materials. As compared to standard solution-state NMR experiments 
application of HR-MAS NMR spectroscopy substantially improved the resolution  of the 
spectraenabling for detailed characterisation of the materials surface structure. 



 
Conclusion: 
The GAL functionalised materials with different particle sizes were obtained using reductive  
amination. Application of HR MAS NMR spectroscopy enabled us to accurately probe the 
surface functionality of nanomaterials This novel NMR based approach may provide further 
experimental advances in probing functionalised nanoparticles interactions with proteins and 
complex biological systems. 
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Introduction 
Encapsulation is one of the main strategies for protecting oils against oxidative degradation and 
incorporating them into food products. [1] Electrohydrodynamic processes (EHDP) –
electrospraying and electrospinning – with ambient temperature and possible use of non-toxic 
solvent present an optimal method for encapsulation of oils (thermolabile and oxygen sensitive 
substances) from an o/w emulsion. [2] Polymers and solvents used, as well as process 
parameters, require careful selection in order to obtain repeatable results as they have a direct 
influence on the morphology of the product. [3] Here, several combinations, 
carbohydrate�andprotein-based, as well as mixtures of polymers were tested to create the 
emulsions (including 5/7/10wt% pullulan, 20/25/30wt% dextran 70 and 5/10/15/20wt% 
maltodextrin and the addition of 1wt% WPC to the carbohydrate formulations) with the oil load 
at 2 or 5 wt%. 
  
Materials and methods 
Materials used were linseed oil; polymers: pullulan, dextran 70, maltodextrin, WPC (whey protein 
concentrate) and solvents: water and ethanol. Emulsification was performed at 3000 rpm for 10-
minute cycles. The emulsions were evaluated using an optical microscope. The EHDP 
(electrohydrodynamic processing) setup was equipped with an 18 G needle and several needle 
to collector distances were tested with varying applied voltage. The obtained product was 
analyzed using TGA/DSC, ATR-FTIR and SEM. Furthermore, acid and peroxide values were 
measured. 
 
Results 
Oil-loaded beads and fibers were generated by electrohydrodynamic processing. Aqueous or 
ethanol solutions were used to emulsify the linseed oil which is susceptible to oxygenation; the 
solutions showed various emulsifying ability and, therefore, emulsion stability. The product 
obtained through EHDP showed greater oxidative stability in comparison to non-encapsulated 
linseed oil.  
 
 



Conclusion 
Electrohydrodynamic emulsion processing is an applicable technique to produce oil-based 
capsules and fibers on a micro scale. The capacity of the emulsion to be sprayed or spinned 
depends on the oil load, polymer selection and concentration, as well as the flow rate, the voltage 
applied and the distance between the needle and the collector. The obtained oil-based structures 
may serve as carriers for many oil-soluble active pharmaceutical ingredients. 
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The glass-forming ability (GFA) of a material, defined as the ease of vitrification of a liquid on 
quench cooling, is a subject of intensive research of scientists over the last two decades. This property 
is especially important to gain a better understanding of the physical instability of amorphous active 
pharmaceutical ingredients (APIs), which in some way correlates with the enhanced GFA. Naproxen 
(NAP) – a well-known nonsteroidal anti-inflammatory drug – is a model system to study the above issue, 
because it cannot be supercooled, irrespectively on the cooling rate. The main purpose of this work was 
to check how the mobility of the saccharide (expressed as local non-correlated fluctuation of the dipoles) 
and flexibility of the saccharide ring, affect the GFA of NAP. For this purpose, we have chosen a series 
of saccharides, SACCHs (acetylated and methylated derivatives of glucose (acGLS, metGLS) and 
anhydroglucose (ac-anhGLS, met-anhGLS), as well as neat anhGLS) of tuned mobility (rigid and flexible) 
and prepared solid dispersions (SDs)/binary mixtures composed of them and NAP.  

Systematic investigations on the API-SACCH systems with various molar ratios of both 
components were carried out using four experimental methods: Differential Scanning Calorimetry (DSC), 
Broadband Dielectric Spectroscopy (BDS), X-ray diffraction (XRD), and Fourier Transform Infrared 
(FTIR) Spectroscopy. Calorimetric and dielectric measurements allowed us to determine the 
crystallization tendency of NAP in SDs, check the homogeneity of the API-SACCH systems in a wide 
temperature range and characterize the SACCHs and SDs in terms of molecular mobility. Importantly, 
the most mobile and less constrained (more flexible ring) acetylated glucose (acGLS) turned out to be a 
carbohydrate that enhances the GFA of the examined active substance in the most significant way. 
However, as indicated by XRD studies, during storage at room temperature the crystallization of API (to 
the initial polymorphic form) from NAP–acGLS mixture (and other SDs) was observed. Finally, since 
additional FTIR studies clearly showed that there are no significant differences in the molecular 
interactions in the binary mixtures composed of NAP and all considered SACCHs, it was postulated that 
the mobility of the matrix, that is related to its flexibility, plays an important role in preventing NAP 
crystallization. 

The obtained results stay in contrast to the common expectation that less mobile/more rigid 
matrices should prevent API crystallization more effectively with respect to the more mobile excipients. 
On the other hand, similar observations, however, for completely different systems (protein dispersed in 
oligosaccharides), and concerning the Long Term Stability have been reported by Tonnis et al. [1]. This 
could make our conclusions more general. However, since there is no direct correlation between the 
glass-forming ability and physical stability of APIs, further studies are necessary to gain better insight into 
the fundamental link between both quantities in the low and high molecular weight pharmaceuticals. 

References: 

[1] W.F. Tonnis, M.A. Mensink, A. de Jager, K. van der Voort Maarschalk, H.W. Frijlink, W.L. Hinrichs, “Size and 
molecular flexibility of sugars determine the storage stability of freeze-dried proteins”, Mol. Pharm. 12, pp. 684–
694 (2015). 

mailto:ekaminska@sum.edu.pl


2nd International Conference on Contemporary Pharmacy Challenges (ICCPC) 

Improvement of  solubility and antioxidant activity of hesperidin by amorphous solid 
dispersion utilizing Soluplus. 

Natalia Rosiak1, Kamil Wdowiak1, Ewa Tykarska2, Judyta Cielecka-Piontek1 

 
1 Department of Pharmacognosy, Faculty of Pharmacy, Poznan University of Medical 

Sciences, Swiecickiego 4, 61-781 Poznan, Poland 
2 Department of Chemical Technology of Drugs, Poznan University of Medical Sciences, 

Grunwaldzka 6, 60-780 Poznan, Poland 
 

the3nigmav2@gmail.com; nrosiak@ump.edu.pl; etykarsk@ump.edu.pl; jpiontek@ump.edu.pl 

Polyphenols are a unique group among specialized plant metabolites, which are attributed to many 
health-promoting properties. However, many have limited use due to their low bioavailability [1]. The 
basic but key factor limiting their bioavailability is the water solubility of the compounds. Many polyphenols 
with significant pharmacological potential belong to class II (low solubility and high permeability) and 
class IV (low solubility and low permeability) BCS (biopharmaceutical classification system) thus low 
solubility reduces their use as a therapeutic agents in prevention and treatment of chronic diseases [2]. 
 
Hesperidin the 7-rutinoside of the aglycone hesperetin is most abundant in oranges, tangerines and the 
tangor hybrid, followed by lemons. Of the flavanones group, hesperidin is valuable active compound  but 
poorly soluble (their solubility in water is 4.93 μg/mL) [3]. Hesperidin has been reported to have 
antiallergenic, anticarcinogenic, antihypotensive, antimicrobial, and vasodilator properties [4]. 
 
One of the effective methods to increase the solubility of poorly water-soluble compounds is 
amorphization. A significant limitation in the use of amorphous dispersions is their instability and tendency 
to recrystallize to more energy-stable crystalline forms. Polymers play a pivotal role in the stabilization of 
amorphous solid dispersions by retaining the drug in an amorphous form in the polymeric matrix during 
storage (thanks to intermolecular interactions), thereby inhibiting crystallization of the drug in the matrix 
[5].The goal of the research was to obtain of amorphous solid dispersions hesperidin with soluplus by 
ball milling method characterized by increased solubility. 
 
The use of grinding resulted in obtaining of the amorphous dispersion of hesperidin with soluplus. 
Amorphization of the system was confirmed by X-Ray Powder Diffraction (XRPD) and Differential 
scanning calorimetry (DSC). The interactions between hesperidin and soluplus were characterized by 
spectroscopic investigation (FT-IR-ATR). The solubility of ASD of hesperidin in three media was 
assessed - distilled water, 0.1 M HCl and pH 6.8 phosphate buffer. Over 300-fold increase in hesperidin 
solubility was observed for the 1: 5 ratio system. The improvement of the solubility also contributed to the 
increase in the antioxidant activity of the tested solutions in vitro in terms of the ability to neutralize DPPH 
and ABTS radicals. The physical stability of the obtained dispersions was investigated in stressful 
conditions – increased humidity and temperature.  
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Introduction: Ramipril is an active pharmaceutical ingredient (API) from the group of angiotensin-
converting enzyme (ACE) inhibitors used mainly to treat high blood pressure. It is used in patients with 
arterial hypertension, in mild or moderate heart failure, and after myocardial infarction. Ramipril belongs 
to Biopharmaceutical Classification System (BCS) class II as a poorly soluble in water (3.5 mg/L) [1]. In 
this study, various methods of API amorphization from different polymers were proposed to increase the 
arm apparent solubility and permeability. 
Aim: The aim of this study was to obtain the amorphous state of ramipril and investigate if and how it 
influences ramipril’s apparent solubility and permeability through artificial membranes in the 
gastrointestinal model.  
Methods: Preparation of amorphous solid dispersions of ramipril was carried out with various polymers 
e.g. pluronic, soluplus, tylopur, affinisol, aqoat etc. in double and triple systems. As amorphization 
techniques, milling, freeze-drying, solvent evaporation, and melting were used. Amorphization of API was 
confirmed using the thermal method – differential scanning calorimetry (DSC) and X-ray technique – X-
ray Powder Diffraction (XRPD). The intermolecular forces formation, such hydrogen bonds were 
analyzed with spectral technique – Fourier-transform infrared spectroscopy (FT-IR). In vitro drug solubility 
test was conducted in paddle apparatus, the vessels were filled with phosphate buffer solution medium 
(pH 6,8) and with 0.1 N HCl (pH 1,2) a temperature of 37 ± 0.5°C, the rotational speed of 50 rpm. 
Permeability through biological membranes was determined using the PAMPA (Parallel Artificial 
Membrane Permeability Assay) in the gastrointestinal model (pH 1,2, and 6,8), in 37 ± 0.5°C and 
humidity-saturated atmosphere. The changes of ramipril’s concentration in apparent solubility and 
permeability studies were measured using high-performance liquid chromatography (HPLC). The 
separations were accomplished using stationary phase Kinetex C18 column (250 x 4.6mm, 5µm) and 
isocratic elution using the mobile phase acetonitrile – 0.1% formic acid (42:58, v/v) and UV absorbance 
detection at 210 nm. 
Results: Ramipril was successfully amorphized with polymers using milling, freeze-drying, solvent 
evaporation, and melting methods. Both methods – DSC and XRPD confirmed the decrease in 
crystalization of ramipril. The amorphization influenced the apparent solubility of ramipril. It also elevated 
the permeability through artificial membranes basing on passive diffusion.  
Conclusions: Milling, freeze-drying, solvent evaporation, and melting methods are suitable for the 
amorphization of ramipril and for modification of its apparent solubility and permeability.  
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The poor oral bioavailability of many active pharmaceutical ingredients (APIs) presents a major obstacle 
for successful pharmaceutical development. It has been well established that exploiting the amorphous 
form of an API can enhance its dissolution rate and solubility. However, the internal disordered structure 
of a non-crystalline compound makes it thermodynamically unstable and, thus, susceptible to phase 
separation and recrystallization. A promising solution to this problem (where both thermodynamics and 
kinetics play an important role) is the formulation of a so-called “amorphous solid dispersion” (ASD), in 
which an API is molecularly dispersed in a carrier excipient (e.g., a polymer). Nonetheless, the production 
of an ASD via, e.g., hot-melt extrusion and its long-term storage for subsequent physical stability studies 
is a resource-heavy and time-consuming process. Hence, the knowledge of a complete temperature–
composition (T–C) phase diagram (that combines the API–polymer solid-liquid equilibrium (SLE) curve 
and glass-transition temperature (Tg) line) is extremely desirable as it can highlight the optimal ASD 
design window, thereby ameliorating challenging exploratory efforts. Unfortunately, direct measurement 
of the API solubility in a polymer at storage temperature (i.e., T = 25 °C) is difficult. Thus, various solubility 
determination methods have been established to obtain information at elevated temperatures (i.e., above 
the API–polymer Tg), which utilize differential scanning calorimetry (DSC). The experimental values are 
then extrapolated to storage temperature by applying them to an SLE model (e.g., the Perturbed-Chain 
Statistical Associating Fluid Theory (PC-SAFT) equation of state [1]). 
 
In a previous study [2] by our research group, three commonly used DSC-based protocols (i.e., melting 
point depression, recrystallization, and zero-enthalpy extrapolation) and one new method called “step-
wise dissolution” (S-WD), which we developed, were investigated and compared. Based on the results 
for a single API–polymer binary system, a decision tree was designed to make solubility determination 
method selection straightforward. To validate this decision-making tool, several binary systems consisting 
of API and polymer with varying physicochemical properties were investigated. In doing so, the ability of 
the S-WD method (when appropriate) to reliably determine API–polymer solubility was thoroughly tested. 
In addition, an original ASD creation and subsequent physical stability study technique that is both cost- 
and time-effective was trialed. In short, the systematic improvement of DSC-based protocols for API–
polymer solubility determination and the development of a strategy for a prompt and reliable evaluation 
on the veracity of the constructed API–polymer T–C phase diagrams represents a scientifically important 
undertaking. 
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Pharmaceutical cocrystals are multi-component crystalline solids, containing different APIs and  
inactive coformers, held together through non-covalent interactions, which have superior 
material properties without affecting the chemical integrity of the API1. Cocrystals containing 
coformers with high solubility range usually have superior solubility compared to the parent 
API. Trimethoprim (TMP), an antibiotic used mainly in the treatment of many bacterial 
infections2, has low aqueous solubility, causing reduced diffusion and permeation rates, 
ultimately influencing its effectiveness3. Owing to its donor-acceptor-donor (DAD) and donor-
acceptor (DA) sites for hydrogen bonding, with an acceptor pyrimidine N atom between two 
donor amino groups, a series of salts, binary and ternary cocrystals of TMP are reported in this 
study. Cocrystals were formed through liquid-assisted grinding and solution crystallisation 
techniques, additionally crystallisation from the gas phase is being investigated.  
 
In this work, initial screening of the TMP 
system involved liquid-assisted milling 
with a wide range of dicarboxylic acids 
which could act as both synthon mediators 
and solubility enhancers, sulfa drugs and 
NSAIDs for matching therapeutic 
properties that are expected to result in 
additive pharmaceutical effects. XRPD 
analysis of the milled samples showed 
new patterns with most of the dicarboxylic 
acids, diclofenac (DIC), diflunisal (DIF), 
pyrimethamine (PYR), mefenamic acid 
(MEF), sulfathiazole (STZ) and 
sulfamethizole (SMZO).  
 
Solution crystallisation experiments yielded salts of TMP+OX- (OX = oxalic acid), TMP+αKGA- 
(αKGA = α-ketoglutaric acid), TMP+FUM- (FUM = fumaric acid), TMP+MAL- (MAL = maleic 
acid), and TMP+ADIP- (ADIP = adipic acid). Salts of TMP+MEF-, TMP+DIC-, and two 
polymorphs of TMP+DIF- were also obtained. Several of the cocrystals/salts of TMP.AZ (AZ = 
Azelaic acid) and TMP:SUB (SUB = suberic acid) were found to be polymorphic. Two different 
solvates of TMP with sebacic acid (SEB) were formed, in addition to a cocrystal of TMP.PIM 
(PIM = pimelic acid). A binary cocrystal of TMP with the anti-malarial drug pyrimethamine 
(PYR) was formed from dissolving equimolar ratio of both drugs in acetonitrile.  



The interaction occurs through the hydrogen bonding between the complementary pyrimidine 
groups of the two molecules as they both share the same DAD and DA binding sites. 
Moreover, three new three-component molecular ionic cocrystals of TMP+PIM-.STZ, TMP+SEB-

.STZ, and TMP+FUM-.DIF were successfully obtained from solution crystallisation experiments. 
Solubility studies are being performed to compare the aqueous solubility of TMP to the new 
salts and cocrystals formed. 
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