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White Paper 
 

COMPREHENSIVE SOLUBILITY ENHANCEMENT STRATEGIES  

“QbD based Innovations, Case Studies, and Scalable Solutions for Poorly Soluble APIs 
from Innotech Biopharm” 

 

Abstract: 

At InnoTech BioPharm Solutions, we recognize that poor aqueous solubility is one of 
the most persistent and complex challenges in pharmaceutical development, particularly 
for BCS Class II and IV compounds. With a growing number of new chemical entities 
(NCEs) exhibiting low solubility, ensuring optimal bioavailability and therapeutic 
performance demands a scientifically robust and commercially scalable approach. 

This white paper presents InnoTech BioPharm’s integrated Chemistry, Manufacturing, 
and Controls (CMC) solutions designed to overcome solubility barriers from early 
development through commercial manufacturing. Through practical case studies, 
advanced formulation techniques, and regulatory insights, we demonstrate how 
InnoTech applies industry-leading technologies - including Amorphous Solid 
Dispersions (ASDs), nanocrystal suspensions, and lipid-based systems - to deliver 
high-performing drug products ready for global regulatory approval and successful 
commercialization. 

 

1. Introduction 

As the pharmaceutical industry advances toward increasingly complex and hydrophobic 
active pharmaceutical ingredients (APIs), solubility enhancement has become an 
essential pillar of drug development. Today, approximately 70% of new drug 
candidates suffer from poor aqueous solubility, significantly limiting their bioavailability 
and posing serious challenges to achieving therapeutic efficacy and regulatory 
approval. 
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At InnoTech BioPharm Solutions, we provide comprehensive CMC solutions to 
address these solubility challenges through a combination of innovative formulation 
design, advanced process development, and scalable manufacturing strategies. Our 
expertise extends across the entire product lifecycle - from preclinical feasibility and lab-
scale prototyping to GMP production of clinical trial materials (CTM) and commercial 
launch batches. 

By integrating solubility enhancement strategies early in the development process, 
InnoTech helps clients reduce clinical failure risks, accelerate regulatory timelines, and 
ensure the manufacturability and quality of complex drug products. Whether applying 
Hot Melt Extrusion (HME) for amorphous dispersions, wet milling for nanocrystals, or 
self-emulsifying drug delivery systems (SEDDS/SMEDDS) for lipid-based APIs, our 
tailored CMC approaches optimize bioavailability while delivering regulatory-ready 
solutions built to scale. 

With our deep scientific expertise and proven track record in solubility-enhanced 
formulations, InnoTech BioPharm Solutions stands as your trusted partner in 
transforming poorly soluble molecules into successful commercial therapies. 

2. Overview of Solubility Enhancement Strategies 
 
2.1. Amorphous Solid Dispersions (ASDs)1,7 

ASDs transform crystalline drugs into amorphous forms stabilized in a polymer 
matrix. This high-energy state improves dissolution rates and bioavailability. 

Drug Example 
Polymer 

Used 
Solubility 
Increase 

Bioavailability 
Improvement 

Ritonavir HPMCAS 10x 200% 

Nifedipine PVP 8x 150% 

2.1.1. Case Study: 
 
For Ritonavir, ASD formulation stabilized with HPMCAS resulted in overcoming 
its recrystallization issues, leading to a 3-fold increase in plasma exposure. 



 

  Page | 3  
 

 
 
 

2.2. Lipid-Based Formulations (SEDDS/SMEDDS)2,9 

These systems combine oils and surfactants to form emulsions within the 
gastrointestinal tract, enhancing solubilization of highly lipophilic APIs. 

Drug Example 
Formulation 

Type 
Cmax Increase 

AUC 
Improvement 

Itraconazole SMEDDS 4x 300% 

Cyclosporine SEDDS 3x 250% 

2.2.1. Case Study: 

Itraconazole's SMEDDS formulation (Sporanox®) transformed its clinical profile 
by quadrupling its bioavailability, ensuring reliable therapeutic plasma levels in 
patients. 
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2.3. Nanocrystal Technology3.8 

Nanocrystals reduce API particle sizes to below 1000 nm, enhancing surface area 
and dissolution rate while maintaining crystalline stability. 

Drug Example Particle Size 
(nm) 

Dissolution     
(30 min) 

Bioavailability Gain 

Fenofibrate 200 95% 300% 

Sirolimus 150 90% 250% 

 
2.3.1. Case Study: 

 
Fenofibrate transitioned from a poorly soluble tablet to a nanocrystal 
suspension (TriCor®), improving dissolution and systemic exposure, which 
enabled lower dosing. 

 

2.4. Cyclodextrin Complexation and Co-crystals4 

Cyclodextrins encapsulate hydrophobic APIs, improving aqueous solubility. Co-
crystals combine APIs with co-formers to modify crystal lattice structures, enhancing 
dissolution. 

Drug Example Strategy 
Solubility 
Increase 

Administration 
Route 

Voriconazole Cyclodextrin Complex 40x IV 

Carbamazepine Co-crystal 5x Oral 

2.4.1. Case Study: 
 
Voriconazole's IV formulation leverages Sulfobutylether-β-cyclodextrin (SBE-
β-CD) to achieve high solubility, allowing solvent-free injectable delivery. 
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3. Advanced Solubility Technologies 

 
Advanced Solubility Technologies and their applications: 

Technology Application Example Benefit 

Hot Melt Extrusion Nifedipine ASD Continuous processing 

Spray Drying Tacrolimus ASD Enhanced uniformity 

Mesoporous Silica Indomethacin dispersion High surface area 

Electrospraying Nanoparticles Curcumin nanoparticles Nanoscale dispersions 

 
The table below presents advanced solubility improvement technologies and 
their impact on the % bioavailability improvement. 

 

Drug Formulation 
Bioavailability 

Improvement (%) 
Nifedipine ASD (PVP) 150 

Cyclosporine SEDDS 250 

Tacrolimus Spray Dried ASD 180 
Curcumin Electrosprayed Nanoparticles 220 

 

4. Analytical and Regulatory Considerations 
 
4.1. Analytical Techniques for Solubility Enhancement Formulations5 

Robust analytical characterization is essential to the successful development, 
optimization, and regulatory approval of solubility-enhanced formulations. Each 
formulation strategy - whether it involves amorphous systems, lipid-based 
formulations, or nanocrystals - requires a tailored set of analytical tools to ensure 
product performance, stability, and quality. 

Key analytical techniques applied in solubility enhancement: 

4.1.1. Solid-State Characterization 

Solid-state properties directly impact the solubility, dissolution, and stability of an 
API. Analytical techniques focus on confirming the physical form (crystalline vs. 
amorphous), detecting transitions, and monitoring stability over time. 
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Technique Purpose Application Example 

X-ray Powder Diffraction 
(XRPD) 

Detects crystalline structure and 
identifies polymorphs. 

Confirming amorphous 
conversion in ASDs (e.g., 
Ritonavir). 

Differential Scanning 
Calorimetry (DSC) 

Measures thermal events like 
glass transition (Tg) and melting 
points. 

Assessing miscibility of APIs 
with polymers in ASDs. 

Thermogravimetric 
Analysis (TGA) 

Monitors weight loss with 
temperature; useful for moisture 
and solvent content. 

Evaluating stability of 
hygroscopic nanocrystals. 

 

4.1.2. Particle Size Analysis 

Particle size is a critical parameter, especially for nanocrystal and lipid-based 
formulations, as it affects dissolution rate, stability, and bioavailability. 

Technique Purpose Typical Use 

Dynamic Light 
Scattering (DLS) 

Measures submicron particle size 
and polydispersity index (PDI). 

Characterizing nanocrystal 
suspensions (e.g., Fenofibrate). 

Scanning Electron 
Microscopy (SEM) 

Provides high-resolution images 
of particle morphology and 
surface characteristics. 

Examining post-milling particle 
integrity. 

 

4.1.3. Dissolution Testing 

For poorly soluble drugs, dissolution testing in biorelevant media is crucial to 
predict in vivo performance and support bioavailability claims. Such media 
simulate gastrointestinal fluids under fasted and fed conditions. 

Media Type Purpose Example Drugs 

FaSSIF (Fasted State 
Simulated Intestinal Fluid) 

Mimics fasted 
intestinal conditions. 

Lipid-based Itraconazole 
SMEDDS formulations. 

FeSSIF (Fed State 
Simulated Intestinal Fluid) 

Mimics fed intestinal 
conditions. 

High-fat meal interactions with 
Cyclosporine SEDDS. 
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Dissolution tests are designed to: 

 Evaluate supersaturation potential of ASDs. 
 Measure precipitation kinetics of lipid-based formulations. 
 Compare formulation performance under physiologically relevant 

conditions. 

4.1.4. Why These Analytical Techniques Matter 

 Quality by Design (QbD): Analytical methods are integral to defining 
critical quality attributes (CQAs), ensuring consistent product performance. 

 Stability Monitoring: Techniques like XRPD and DSC track potential 
recrystallization of amorphous forms during storage. 

 Regulatory Submissions: Regulatory agencies expect comprehensive 
characterization data within Module 3 of the Common Technical 
Document (CTD). 

4.2. Regulatory CMC (Module 3) Considerations for Solubility-Enhanced 
Formulations6,10, 11 

Successful commercialization of solubility-enhanced formulations requires not only 
technical innovation but also a robust regulatory strategy. The Chemistry, 
Manufacturing, and Controls (CMC) section, particularly Module 3 of the Common 
Technical Document (CTD), is critical in ensuring regulatory agencies like the FDA, 
EMA, and PMDA have confidence in the safety, efficacy, and quality of the drug 
product. 

Solubility enhancement technologies introduce additional complexities into CMC 
documentation, which must thoroughly address the scientific rationale, quality 
control, and lifecycle management of the chosen approach. 

4.2.1. Detailed Description of the Formulation Strategy 

A comprehensive narrative is required to explain the scientific principles and 
development strategy used to overcome the API's solubility limitations. 

4.2.1.1. Key elements include: 

 The rationale for selecting a specific solubility enhancement technique 
(e.g., why an ASD was chosen over lipid-based systems). 

 Detailed description of formulation development studies, including 
solubility screening, preformulation assessments, and process feasibility. 

 Comparative data demonstrating how the selected approach improves 
dissolution and bioavailability over the unmodified API. 
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4.2.2. Justification for Excipients and Process Controls7 

Excipients and manufacturing processes play a critical role in stabilizing 
solubility-enhanced formulations. Regulatory authorities expect a clear 
justification for the selection and control of all materials and processes. 

4.2.2.1. Key requirements include: 

 Explanation of excipient functions (e.g., polymers as precipitation 
inhibitors, surfactants in SMEDDS, stabilizers in nanocrystals). 

 Safety profiles and regulatory acceptability of excipients (compendial 
compliance, previous use in approved products). 

 Description of critical process parameters (CPPs) and critical quality 
attributes (CQAs), particularly for technologies like spray drying or 
nanomilling. 

 
4.2.3. Stability Data Supporting Amorphous or Supersaturating Forms 

Solubility-enhanced formulations, particularly those involving high-energy 
amorphous states, require robust stability data to ensure product quality 
throughout shelf life. 

4.2.3.1. Stability considerations include: 

 Monitoring physical stability, including recrystallization potential (via 
XRPD, DSC). 

 Evaluating chemical stability of the API in the presence of excipients 
under ICH conditions (long-term, accelerated). 

 Conducting in vitro dissolution studies over time to confirm maintenance 
of supersaturation or enhanced solubility. 

4.2.4. Lifecycle Management of Solid-State Properties11 

Lifecycle management strategies must be defined to control the solid-state 
attributes of the drug throughout development and commercial production. 

4.2.4.1. Key components include: 

 Defining control strategies to ensure batch-to-batch consistency (e.g., 
particle size distribution in nanocrystals). 

 Implementing ongoing stability studies as part of post-approval 
commitments. 

 Strategies to manage process changes (e.g., scale-up from pilot to 
commercial production) without impacting critical attributes like 
polymorphism or amorphous content. 

 Use of Process Analytical Technology (PAT) to monitor real-time 
parameters during manufacturing. 
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4.2.4.2. Regulatory Impact: 

A well-prepared Module 3 ensures that solubility enhancement strategies are 
justified, controlled, and validated from early-phase development through 
commercial supply, minimizing regulatory questions and approval delays. 

 

5. Commercialization and Scalability of Solubility-Enhanced 
Formulations7,8,9 

Translating solubility enhancement technologies from lab-scale feasibility to full-scale 
GMP (Good Manufacturing Practice) production is one of the most critical phases in 
pharmaceutical development. Without a clear scalability plan, even the most innovative 
formulation can fail to reach the market efficiently, resulting in costly delays, regulatory 
setbacks, and compromised product quality. This is the reason it’s always advisable to 
adopt the “end-in mind” concepts. 

Scaling solubility-enhanced formulations presents unique challenges, particularly with 
complex processes such as Amorphous Solid Dispersions (ASDs), nanocrystal 
suspensions, and lipid-based systems. Therefore, strategic selection of technologies 
and process optimization is essential to ensure smooth transfer from R&D to 
commercial production. 

5.1. Key Considerations for Scalability 

Parameter Impact on Scalability 

API properties (e.g., Tm, logP) Determines appropriate technology 

Equipment limitations Affects process transfer between sites 

Batch size increase Risk of process inconsistency 

Regulatory expectations Requires robust process validation 

Stability during scale-up Higher risk of recrystallization or phase changes 

 

5.2. Scalable Technologies for Solubility Enhancement 
 

5.2.1. Amorphous Solid Dispersions (ASDs) 

ASDs require highly controlled processing conditions to maintain the amorphous 
state of the API, prevent phase separation, and ensure uniformity throughout 
scale-up. 

 



 

  Page | 10  
 

5.2.1.1. Scalable Technologies: 

 Hot Melt Extrusion (HME): Continuous, solvent-free processing capable of 
scaling from grams to metric tons with minimal process adjustments. 

 Spray Drying: Scalable by adjusting feed rates, nozzle configurations, and 
drying parameters while maintaining particle size and morphology. 

5.2.2. Nanocrystal Suspensions 

Nanocrystal formulations are highly sensitive to particle size, requiring precise 
control over mechanical energy input during scale-up. 

5.2.2.1. Scalable Technologies: 

 High-Shear Homogenization: Easily scalable by increasing pressure 
cycles and homogenization duration while ensuring particle size 
consistency. 

 Wet Milling: From laboratory mills to industrial media mills (bead mills), 
offering reproducible control over particle size and distribution. 

5.3. Lipid-Based Formulations (SEDDS/SMEDDS) 

Scaling lipid-based formulations involves managing emulsification dynamics and 
ensuring the reproducibility of droplet size and drug loading. 

5.3.1. Scalable Technologies: 

 High-shear mixers and homogenizers for batch emulsification. 
 Inline mixing and continuous emulsification systems for large-scale 

production. 
 Monitoring of droplet size via laser diffraction during scale-up to maintain 

product specifications. 

5.4. Best Practices for Successful Commercialization 

 Pilot Scale Validation: Intermediate scale runs (e.g., 10–50 kg) to optimize 
parameters and confirm process robustness before commercial scale. 

 Process Analytical Technology (PAT): Real-time monitoring tools (e.g., in-line 
particle size analyzers, near-infrared spectroscopy) provide feedback during 
manufacturing. 

 Quality by Design (QbD): Applying QbD principles ensures understanding of 
process variables and mitigates risks during scale-up. 

 Technology Transfer: Detailed documentation and collaboration between R&D 
and manufacturing teams facilitate smooth technology transfers across sites. 
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5.5. Regulatory Considerations in Scale-Up 

 Module 3 (CMC) documentation must demonstrate the comparability of batches 
across scales. 

 Validation of critical process parameters (CPPs) and critical quality attributes 
(CQAs) is essential. 

 Stability data for scaled batches under ICH conditions (accelerated and long-
term) must confirm product integrity. 

 Robust lifecycle management ensures continued performance throughout the 
product’s commercial life. 

 

6. Summary 

An integrated, science-driven approach to solubility enhancement maximizes success in 
drug development. By combining early-phase screening, formulation innovation, and 
robust analytical characterization, we can unlock the therapeutic potential of poorly 
soluble APIs. 

At InnoTech BioPharm Solutions LLC, we offer comprehensive CMC services to 
guide your molecule from concept to commercialization with tailored solubility solutions. 
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